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When you make the finding yourself – even if you’re the last person on Earth to see the light 

– you'll never forget it. 

Carl Sagan 

 

 

 

 

 

 

 

 

 

 

 

 





3 
 

Acknowledgments 

I would like to communicate my sincerest gratitude to my advisor Dr. Antoni Badia 

Garganté, for the continuous support of my Ph.D study and connected research, for his 

patience, inspiration, and breadth of knowledge. His guidance has helped me during the 

whole elaboration process of this thesis. I could not have imagined having a better advisor 

and mentor for my Ph.D study. 

Besides my advisor, I would like to express my gratitude to the rest of my thesis 

committee: Dr. Lorena Becerril Balín and Dr. Consuelo García Tamarit, for their encouraging 

me on my work, but also for the rigorous questioning which incentivized me to improve my 

research from various perspectives. 

My honest thanks also goes to the teachers and students of the IES Manacor and IES 

Pau Casesnoves, who gave me the opportunity to join their educational teams with trust in my 

work, and who provided me with access to the classrooms and technologies of their high 

schools. Without their support it would not have been possible to achieve the pursuits of the 

current research study. In addition, I would like to show my thankfulness to the CEPA 

Francesc de Borja Moll school management team, who gave me the time I needed to collect 

my research thesis’s data, while I was also working as a teacher. 

Certainly, I would also like to thank my family: my grandparents, my parents, and my 

sister for supporting me morally throughout the elaboration of this thesis and in the decisions 

that I make in my life, without their help I would not have gotten here. 

Last but not least, I would like to thank you, Miquel, because you have always 

encouraged me in what I do and you have never stopped believing in me. Your love and 

support have been crucial to make the completion of this thesis possible. 

Thanks to all of you for your support, without your encouragement I would not have 

been able to face my challenges and succeed. 





INDEX                                                                                                                           5 
 

Index 

1. Introduction ......................................................................................................................... 13 

1.1. Structure ......................................................................................................................... 16 

THEORETICAL FRAMEWORK ........................................................................................ 19 

2. Main Aspects That Characterize the Information Problem Solving (IPS) Process ...... 21 

2.1. Early Models of Seeking Information ............................................................................ 22 

2.2. IPS Model While Using the Internet .............................................................................. 30 

2.3. Types of Research Investigations Surrounding IPS-I-Model in Education ................... 37 

2.3.1. Problems students face. ........................................................................................... 39 

2.3.2. Effective instructional principles. ............................................................................ 45 

2.3.3. Different factors that influence the process. ............................................................ 53 

2.4. Synthesis......................................................................................................................... 65 

3. IBL to Acquire Science Curricular Contents and Improve IPS Skills .......................... 69 

3.1. The Transformation of the Teaching and Learning Models of Science before IBL ...... 70 

3.2. IBL Model in Science Teaching and Learning Process ................................................. 76 

3.3. IWBL Model in Science Teaching and Learning Process ............................................. 82 

3.4. IWBL Environments for Teaching and Learning Science ............................................. 85 

3.5. IWBL to Improve Students’ IPS Skills ........................................................................ 106 

3.6. Synthesis....................................................................................................................... 109 

4. Concluding Remarks of the Theoretical Framework .................................................... 111 

EMPIRICAL FRAMEWORK ............................................................................................ 117 

5. Research Design ................................................................................................................ 119 



INDEX                                                                                                                           6 
 

5.1. Research Objectives ..................................................................................................... 120 

5.2. Curricular Context of the Study ................................................................................... 125 

5.3. WISE Learning Context ............................................................................................... 130 

5.4. Participants ................................................................................................................... 137 

5.5. Data Collection ............................................................................................................. 139 

5.5.1. General procedure. ................................................................................................. 139 

5.5.2. Data collection tools. ............................................................................................. 143 

5.6. Data Analysis ............................................................................................................... 149 

5.6.1. Measures ................................................................................................................ 149 

5.6.2. Analytical strategy. ................................................................................................ 158 

6. Results and Discussion ...................................................................................................... 163 

6.1. Research Question 1: Are there any differences between the two genders in relation to 

the variables of reading skill, ICT skills, previous and final scientific knowledge? ........... 164 

6.2. Research Question 2: Is there any relationship between certain students’ individual 

characteristics and the students’ performance improvement when scanning information 

skill?....................................................................................................................................169 

6.3. Research Question 3: Are there any relations between students’ individual 

characteristics and the students’ performance improvement when processing information 

skill?............. ....................................................................................................................... 182 

6.4. Research Question 4: Are there any relations between the improvement of students’ 

scanning information skill performance and students’ processing information skill 

performance in each task? ................................................................................................... 193 



INDEX                                                                                                                           7 
 

6.5. Research Question 5: Are there any differences between the students’ initial and final 

learning performance? ......................................................................................................... 211 

6.6. Research Question 6: Are there any differences in the performance of students’ 

scanning and processing information skills according to students’ final science knowledge 

profile? ................................................................................................................................ 229 

7. Conclusions ........................................................................................................................ 241 

8. Limitations ......................................................................................................................... 261 

9. Future Research Lines ...................................................................................................... 263 

10. Educational implications ................................................................................................ 265 

11. References ........................................................................................................................ 269 

12. Annexes ............................................................................................................................ 287 

12.1. Annex 1. E-mail sent to the headmasters of the high schools .................................... 288 

12.2. Annex 2. Educational intervention protocol (for teachers) ........................................ 289 

12.3. Annex 3. Computer technicians’ logistic survey ....................................................... 293 

12.4. Annex 4. Science knowledge test on illnesses and health ......................................... 294 

12.5. Annex 5. Extern model of the conceptual map .......................................................... 297 

12.6. Annex 6. Table of answers examples ......................................................................... 298 

12.7. Annex 7. Answers’ correctness sheet ......................................................................... 299 

12.8. Annex 8. Answers’ correctness sheet ......................................................................... 301 

12.9. Annex 9. Descriptive statistics ................................................................................... 302 



INDEX OF FIGURES AND TABLES                                                                        8 
 

Index of Figures 

Figure 1. Model of IPS while using Internet............................................................................ 31 

Figure 2. Factors that influence IPS development ................................................................... 54 

Figure 3. Levels of Inquiry learning ........................................................................................ 79 

Figure 4. Research design map. ............................................................................................. 124 

Figure 5. Screen shot of the activity 2.2. of the initial session. ............................................. 132 

Figure 6. Screen shot of the activity 2.4. of the initial session. ............................................. 133 

Figure 7. Screenshot of the 4th real situation faced by the students. ..................................... 134 

Figure 8. Screenshot of the final real situation faced by the students. ................................... 135 

Figure 9. Screenshot of one of the activities faced by the students in the final session. ....... 136 

Figure 10. Learning tasks developed by the students. ........................................................... 137 

Figure 11. Data collection procedure from the 82 participants. ............................................ 141 

 

 

 

 

 

 

 

 

 

 

 



INDEX OF FIGURES AND TABLES                                                                        9 
 

Index of Tables 

Table 1. Comparison of the American Models ........................................................................ 24 

Table 2. Main ypes of research investigations surrounding IPS-I-Model in education........... 38 

Table 3. Summary of problems secondary education students face while developing IPS ..... 40 

Table 4. Synthesis of recent findings on teaching effectively IPS skills. ................................ 46 

Table 5. Summary of IWBL environments.............................................................................. 86 

Table 6. Objectives of biology and geology area .................................................................. 126 

Table 7. Seven key competence description .......................................................................... 127 

Table 8. Blocks of content from biology and geology area for third of ESO ........................ 128 

Table 9. Evaluation criteria related to assessable learning standards for Block 4 ................. 129 

Table 10. Verbal protocols classification ............................................................................... 148 

Table 11. Conceptual map scoring model .............................................................................. 151 

Table 12. Preventive measures scoring model ....................................................................... 152 

Table 13. Slides usefulness to achieve each task completion ................................................ 153 

Table 14. Steps to code an action performed by the student ................................................. 156 

Table 15. Data analysis .......................................................................................................... 159 

Table 16. Differences of students’ reading skill dependin on students’ gender .................... 164 

Table 17. Differences of students’ ICT skills depending on students’ gender ...................... 164 

Table 18. Differences of students’ previous knowledge depending on students’ gender ...... 165 

Table 19. Differences of stuents’ sicence final knowledge depending on students’ gender . 166 

Table 20. Relations between students’ reading skill and scanninf information skill ............. 170 

Table 21. Relations between students’ ICT skill and scanning information skill ................. 173 

Table 22. Relations between students’ previous knowledge and scanning information skill 176 

Table 23. Relations between students’ reading skill and processing inforamtion skill ......... 183 

Table 24. Relations between students’ ICT skill and processing inforamtion skill............... 186 



INDEX OF FIGURES AND TABLES                                                                        10 
 

Table 25. Relations between students’ previous knowledge and processing information .... 188 

Table 26. Relations between students’ scanning information skill and students’ processing 

information skill in task 1 ...................................................................................................... 193 

Table 27. Relations between students’ scanning information skill and students’ processing 

information skill in task 2 ...................................................................................................... 196 

Table 28. Relations between students’ scanning information skill and students’ processing 

information skill in task 3 ...................................................................................................... 201 

Table 29. Differences between intitial and final students’ learning performance on science 

knowledge .............................................................................................................................. 211 

Table 30. Differences between intitial and final time spent scanning useful information .... 212 

Table 31. Differences between initial and final time spent scanning non-useful information

................................................................................................................................................ 213 

Table 32. Differences between initial and final time spent scrolling information ................. 214 

Table 33. Differences between initial and final scanned slides using lineal reading ............ 215 

Table 34. Differences between initial and final scanned slides using scanning reading ....... 216 

Table 35. Differences between initial and final scrolled slides ............................................. 216 

Table 36. Differences between initial and final time spent processing information ............. 217 

Table 37. Differences between initial and final correct answers consulted ........................... 218 

Table 38. Differences between intial and final correct answers non-consulted .................... 219 

Table 39. Differences between initial and final incorrect answers consulted ........................ 220 

Table 40. Differences between initial and final incorrect answers non-consulted ................ 220 

Table 41. Clusters solutions derived from students’ performance on task 1 ......................... 232 

Table 42. Clusters solutions derived from students’ performance on task 2 ......................... 234 

Table 43. Cluster solutions derived form students’ performance on task 3 ........................... 236 

Table 44. Initial performance answers of task 1 .................................................................... 299 



INDEX OF FIGURES AND TABLES                                                                        11 
 

Table 45. Initial performance answers of task 2 .................................................................... 299 

Table 46. Initial performance answers of task 3 .................................................................... 299 

Table 47. Final performance answers of task 1 ..................................................................... 300 

Table 48. Final performance answers of task 2 ..................................................................... 300 

Table 49. Final performance ansers of task 3 ........................................................................ 300 

Table 50. Descriptive statistics of students’ reading skills .................................................... 302 

Table 51. Descriptive statistics of students’ Information and Communication Technology . 302 

Table 52. Descriptive statistics of students’ previous science knowledge ............................ 302 

 

 





CHAPTER 1. INTRODUCTION                                                                                                           13 
 

1. Introduction 

In today’s global and computerized world, technological advances have become 

popular worldwide with a broad range of users from all around the globe (Timmers, 

Walraven, & Veldkamp, 2015). The current information and knowledge society that 

surrounds our lives has brought on a situation where information is crucial. As a result, 

people are expected to be able to manage the overload of information successfully (Becerril 

& Badia, 2013).  In order to answer the needs that the current situation requires, we must 

begin by teaching Informational Competency. In accordance to this fact, the Organization for 

Economic Co-operation and Development (OECD1) and the Organic Law for Improvement 

of Quality in Education 8/2013 of ninth of December (LOMCE2) establishes the importance 

of developing the Key Competences in the schools.  

Because information and knowledge are increasing fast no one can learn everything 

about every subject, because what might seem right at the moment could be demonstrated to 

be wrong tomorrow. Consequently, teaching students ideas and facts without teaching them 

how to use the content learnt in real-life situations is no longer sufficient. Students should be 

taught flexible skills that they can use in different conditions of life. Schools from all over the 

planet need to introduce innovative methods of teaching and learning that reproduce the 

changing world (Rotherham & Willingham, 2010). This is why it is important to incorporate 

teaching strategies that attract, engage, and enhance students’ learning styles and abilities; so 

that they can become skilled, engaged, and committed citizens in today’s society.  

                                                           

1 The Organization for Economic Co-operation and Development is an intergovernmental economic 
organization with 35 member countries, founded in 1960 to stimulate economic progress and world trade. It is a 
forum of countries describing themselves as committed to democracy and the market economy, providing a 
platform to compare policy experiences, seeking answers to common problems, identify good practices and 
coordinate domestic and international policies of its members. 
2 Education in Spain is regulated by the Ley Orgánica para la Mejora de la Calidad Educativa (LOMCE, 
Organic Law of Education) that expands upon Article 27 of the Spanish Constitution of 1978. Education is 
compulsory and free for all children aged between 6 and 16 years, and is supported by the national government 
together with the governments of each of the country's 17 autonomous communities. 
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Accordingly, the purpose of the entire educational system should be to prepare 

students for success in their future lives, ensuring that each student can fluently and 

successfully develop information competency.  

It is now essential for people to know how to recognize what information is necessary, 

find the precise information in the right site, organize and synthesize the information found, 

and communicate their outcomes. All these skills, knowledge, and attitudes which are needed 

to be able to seek information efficiently can be defined as IPS (Brand-Gruwel, Wopereis, & 

Vermetten, 2005). 

This state of affairs is challenging since it is known that numerous studies have 

documented people of different ages having many difficulties developing information 

literacy. Bearing in mind these problems, it is progressively more recognized that explicit 

information literacy instruction is required to reach a satisfactory level of expertise (Lazonder 

& Rouet, 2008). 

Responding to these demands, the purpose of the present research will be to expand 

further on academic knowledge available about students’ information literacy development. 

The current information and knowledge society requires skilled citizens to interact 

more effectively and efficiently. For that reason, active pedagogical methods are increasingly 

being carried out in the educational system focusing their attention on a curricular 

development based on competences rather than on only teaching content (Griffin, McGaw, & 

Care, 2012). Considering the situation described, it is assured that research that contributes to 

expanding the present knowledge on the development of different competences is more than 

welcome. Therefore, the present research study provides new significant information on how 

informational literacy could be successfully embedded in curricular development.  

In educational practices several studies have detailed how different competences have 

to be taught at school in order to guarantee students learning. However, little attention has 
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been paid to deeply understanding how informational literacy can be inclusively developed 

by different types of students that require different things. Hence, thanks to the present 

research, an insight on how to adapt the sequence of IPS to individual differences of students 

would provide a significant step on developing inclusive education.  

In this period of constant change, teachers have been required to adapt themselves to a 

new situation that requires regularly learning different emergent pedagogical methods for 

effective teaching. As a result, it is necessary to provide teachers with relevant information 

that allows them to improve their teaching performance of informational literacy in schools. 

For that reason, the present research seeks to help education professionals solve questions 

that can emerge in their daily practice as well as facilitate a new experience where IPS is 

developed. 

The situation previously described clearly defines the necessity of further research 

focused on how students develop information literacy. Currently in this research field it is 

well known which skills and processes participate in developing IPS. Nevertheless, not much 

is known about how these skills are performed by different collectives such as, in the case of 

the present research, secondary education students.  

It becomes important to mention that, because information literacy is a process that 

cannot be taught separately from the learning curriculum, several studies have focused their 

attention on embedding it in different subjects. This process of seeking information is closely 

related to the process of teaching science following the inquiry approach. Therefore the 

current investigation facilitates knowledge about learning situation where both concepts are 

developed simultaneously. 

In conclusion, if the above mentioned gaps that currently exist surrounding IPS 

development are taken into account, it is clearly essential for the present research to be 

developed in order to provide an answer to the educational community’s needs. 
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1.1. Structure 

The twelve chapters of the present thesis wish to transmit in an organized manner the 

different steps that have been pursued to achieve the aims of the current research study. 

To start with, the first and present chapter includes the acknowledgements, 

introduction and structure sections which help the readers to prepare themselves for the field 

of study that it is going to be developed. 

Afterward, the second chapter emerges with the theoretical framework including a 

detailed revision of the existing literature that has surrounded IPS processes until now. In 

pursuit of this purpose, the third chapter aims to present the different teaching and learning 

models that have been used in science education, while simultaneously introducing the 

demonstrated usefulness of the Inquiry Web-Based Learning (IWBL) model. To conclude 

with the theoretical background that supports the current research study, the fourth chapter is 

used to summarize the concluding remarks extracted from the literature revision on the field 

of study. 

Once the theoretical background has been presented, the empirical framework begins 

in chapter five with the research design. This chapter provides information about the research 

aim and objectives, the context of study, the participants, the data collection and procedure, 

the instruments and measures, and the data analysis. 

With the purpose of presenting a structured account of the findings derived from 

different analyses developed from the data collected, chapter six exposes and discusses the 

results obtained.  

In chapter seven, the conclusions of the investigation include a general picture of the 

chief features of the research study, considering both the theoretical and the empirical 

framework, in this way offering the most relevant findings achieved in this study. In addition, 

chapter eight deals with the limitations of the study and chapter nine with the future research 
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lines, both chapters present the current study’s strengths and weaknesses. Since the current 

research study grounds its roots in the educational context, it becomes crucial to highlight the 

educational implications that the results may have, for this reason, they are presented in 

chapter ten. 

To close the research study, the compilation of all the bibliography that has been used 

to elaborate the theoretical framework is carefully presented in chapter eleven, as well as the 

annexes that include information dealing with the different materials employed to perform the 

different processes that concern this investigation are presented in chapter twelve. 
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2. Main Aspects That Characterize the Information Problem Solving (IPS) Process 

As previously stated, the current information and knowledge society has put people in 

a situation where information has a crucial role and people are expected to successfully 

manage the information overload (Becerril & Badia, 2015). Therefore, for several years, IPS 

has been a relevant focus of research around the world (Behrens, 1994). Consequently, this 

chapter aims to focus its attention on the different characteristics, in terms of cognitive 

processes involved in, that, until now have conformed to the IPS process by synthesizing the 

main paths taken on each IPS dimension and the remaining unknowns.  

In accordance with this chapter’s purpose, the information is structured to offer a 

precise and detailed overview of the different dimensions that shape the IPS process, in order 

to guide the reader through an exhaustive revision about what has been done in each 

dimension, up to the present day. 

A brief revision of early models of seeking information over the globe is presented 

until the IPS model while using the internet emerges. After that, the IPS process and the skills 

involved in students’ IPS development are carefully described, to continue dealing with the 

different uses of the detailed skills according to the requirements of the task. 

Then, since numerous studies have documented that people from different age groups 

have a lot of difficulties developing IPS, the main problems found in each skill will be 

carefully highlighted. Teaching skills to ensure students succeed when developing IPS seems 

a challenging task. Therefore the last explored dimension will describe the main 

characteristics of effective teaching and learning methods based on IPS skills acquisition.  

Last but not least, the factors that may impact students’ IPS skills development will be 

carefully analyzed in order to identify how some students’ individual differences can shape 

the IPS process.  
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To conclude, the chapter ends by presenting a synthesis on what has been explored 

and the gaps in IPS that have been scarcely developed until nowadays. 

2.1. Early Models of Seeking Information 

A detailed revision of research studies that focus attention on the process of seeking 

information has shown that for numerous years, the process of searching for information has 

been a focus of research around the world (Bruce, 2011). To be more precise, the late 1980’s 

was a period when numerous librarians and educators were debating the significance of 

information skills. From then until now, various models have been proposed at the national 

and the international levels to carefully describe the processes used by people who are 

pursuing information as well as to emphasize the integration of this process within the 

curriculum. However, the majority of publications with regard to the field of seeking 

information have come mainly from the United States (Virkus, 2003).  

The process of seeking information, which was named information literacy by 

American researchers, is quite extensively analyzed and discussed in this country. In 1989 the 

United States established the National Forum on Information Literacy where different 

collectives supported collaboration to promote principles for appropriate information literacy 

development in students. These principles mainly focused the attention on encouraging 

students to access information competently and successfully, to evaluate critically the 

information found, and to use precisely the information selected to properly share the 

information with others. 

Since then, several models of information literacy have been proposed by American 

researchers through the years. Each suggested model tried to indicate the different steps that 

the students must follow in order to solve, in a logical and sequenced way, an information 

problem as well as the different abilities that must be acquired in each step.  
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Of the different models that emerged in North America during the 1980s and 1990s, 

the four most outstanding models were: the research process model (Stripling & Pitts, 1988), 

the Big6-model (Eisenberg & Berkowitz, 1990) , the search process model (Kuhlthau, 1988) 

and the pathways to knowledge (Pappas & Tepe, 1995).  
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However, as can be seen on Table 1, the four outstanding models and other American models that emerged during the same decades have 

a similar pattern. They divide the process in different steps that can be grouped into six stages that express the logical cycle of a study and allow 

us to find similarities between them.  

Table 1 
Comparison of American Information Literacy models 

Stripling and Pitts 
(1988) 

Kuhlthau 
(1988) 

Lamb (1990) 
Joyce and 
Tallman 
(1990) 

Eisenberg and 
Berkowitz 

(1990) 

Pappas and Tepe 
(1995) 

Yucht 
(1997) 

Jukes, 
Dosat and 
Matheson 

(1997) 

INFOhio 
(1998) 

McKenzie 
(2000) 

Research Model  
Information 

Seeking 
8W’s I-Search 

Big6 
Information 

Problem Solving 

Pathways to 
knowledge 

FLIP It 5 As 
Dialogue 

Model 
Research cycle 

1. Choose a broad topic. 
2. Get an overview of 
the topic. 
3. Narrow down the 
topic. 
4. Develop the 
statement. 

1. Initiation. 
2. Selection. 
3. 
Formulation 
of focus. 

1. Watching. 
2. 
Wondering. 

1. Selecting a 
topic. 

1. Task 
definition. 

1. Appreciation. 1. 
Focus. 

1. Asking. 1. Define. 
2. Initiate. 

1. 
Questioning. 
2. Planning. 

5. Formulate questions. 
6. Plan research. 

4. 
Exploration. 

3. Webbing. 2. Finding 
information. 

2. Information 
seeking 
strategies. 

2. Presearch. 2. 
Links. 

2. 
Accessing. 

3. Assess. 
4. Locate. 

3. Gathering. 

7. Find, analyze and 
evaluate information. 

5. 
Collection. 

4. Wiggling.  3. Location and 
access. 

3. Search. 3. 
Input. 

3. 
Analyzing. 

5. Organize. 4. Sorting & 
Sifting. 

8. Evaluate evidence.  5. Weaving. 
6. Wrapping. 

3. Using 
information. 

4. Use of 
information. 

4. Interpretation.  4. 
Applying. 

6. Guide. 5. 
Synthesizing. 

9. Establish 
conclusions. 
10. Create and present a 
product. 

6. 
Presentation. 

7. Waving. 4. Developing 
a final product. 

5. Synthesis. 5. 
Communication. 

4. Pay 
off. 

 7. Use. 7. Reporting. 

(Reflection point) 7. 
Assessment. 

8. Wishing.  6. Evaluation. 6. Evaluation. 5. IT! 5. 
Assessing. 

8. Evaluate. 6. Evaluating. 

Adapted from Lamb (2001). 
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The early American search-process model suggested by Stripling and Pitts (1988) was 

a ten step search-process model which was defined as a thinking frame for research. This ten 

step process is particularly interesting because it emphasizes a thinking framework that can 

be appropriate at any age level and with any curricular subject. During the process, each step 

simultaneously developed different abilities that enabled the acquisition of a rich experience 

in the field of writing research papers. Moreover, the students had numerous reflection points 

which let them make judgments about their progress. 

Not much later, Kuhlthau (1988) suggested one of the models with higher impact in 

the field of information literacy since it is based on research. This model, named Information 

Search Process (ISP), broke away from the idea that students can only perform data 

collection processes. Instead students' cognitive, emotional, and physical dimensions were 

taken into account, because they could have a greater impact on the understanding and 

development of knowledge. The dimensions that could influence the students’ information 

interpretation could also lead them to behaviors that would become obstacles in further steps 

of seeking information. For this reason, this model supported the idea that students should be 

guided in order to reduce their feelings of insecurity and uncertainty in the search process. 

The 8W’s model developed by Lamb in the early 1990s, but presented by Lamb, 

Smith, and Johnson (1997) was similar to the work of Eisenberg and Berkowitz (1990) and 

Kuhlthau (1988). However, participation was motivated through a fun word game with the 

initial letters of each stage of the model. For instance, the first step “Watching” asked 

students to explore and become observers of the environment presented. Then, “Wondering” 

had students focus on brainstorming options, discussing ideas, identifying problems, and 

developing questions. “Webbing” was the third step of the model and directed students to 

locate, search for, and connect ideas and information, showing them that one piece of 

information could lead to new questions and areas of interests. After, “Wiggling” consisted of 
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evaluation, which was observed to be the toughest phase for students because they were 

uncertain about what they had found and where they were going. Once the students had 

evaluated, “Weaving” emerged to ask them to synthesize what they had found by organizing 

ideas, creating models, and formulating plans. Closely related to the fifth step, “Wrapping” 

included creating and packaging ideas and solutions. The seventh step, “Waving” encouraged 

students to communicate ideas to others through presenting, publishing, and sharing. Finally, 

the last step, “Wishing” consisted of assessing, evaluating and reflecting on the process and 

the product, which led the students to think about how the research went and to think about 

possibilities for the future. 

The same year, Marilyn Joyce and Julie Tallman presented a four step research model 

named I-Search that was based on Macrorie’s 1988 book entitled, The I-Search Paper. This 

model proposed an alternative to the traditional research role by allowing students to select 

topics of personal interest and consequently develop meaningful research projects (Joyce & 

Tallman, 1997). Therefore, the first step to be followed was named “Select a topic”, which 

required students to explore their interests, discuss ideas, and browse resources. Once this 

step was completed, students moved on to “Find information”, which consisted of generating 

questions and exploring resources. Once information was found, they had to “Use 

information” that demanded students take notes and analyze the materials found. This 

analysis allowed students to achieve the last step called “Develop the final product” which 

encouraged pupils to communicate and share experiences of the process. Moreover, this 

model also highlighted the relevance of metacognitive thinking, since students were 

requested to carry on a register of their procedures, feelings, and thoughts while they 

developed the procedure.  

Otherwise, the Big 6 model was the most popular model for information literacy 

during the early years. Developed by Eisenberg and Berkowitz (1990) the model emphasized 
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the importance of developing transferable, higher level thinking skills that were linked to the 

general school curriculum. Therefore, the model suggested an information literacy curriculum 

oriented for primary and secondary education students. Even though the model only 

comprises six stages, certain primary teachers found the model too extensive for their early 

pupils. Consequently, teachers developed adapted varieties to achieve the necessities in their 

classes. Later, Eisenberg and Berkowitz developed a version called the Super 3 for very 

young learners which included three steps: plan, do, and review. Furthermore, several 

adjustments of the model have been made in order to address diverse learning situations that 

have emerged over the years. This has fostered the model relevance and its applicability on 

IPS.   

One of the mid-nineties American models that dealt with information literacy was the 

Pathways to Knowledge model proposed by Pappas and Tepe (1995). This six step model 

was particularly interesting because the authors described the process as a nonlinear process 

for finding, using, and evaluating information. In addition, the model designed for children 

and young adults encouraged students to continuously explore and reassess as they process 

information which coincides with current relevant research studies (Monereo & Badia, 2012). 

Hence, the different steps of: “Appreciation”, “Presearch”, “Search”, “Interpretation”, 

“Communication” and “Evaluation” could be developed without a specific order depending 

on what the tasks demands. 

A few years later, Yucht (1997) stated that what students often needed was an IPS 

strategy because they knew how to proceed but they did not know how to begin each step in a 

process. Therefore, the author and a team of seventh grade students developed a four step 

model, named FLIP It. This model was originally based on the organization of the different 

tasks that students developed in a research process. From the grouping of several procedures 

performed by the students, four steps were found: “Define specific problem”, “Identify and 
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locate likely resources”, “Gather information” and “Present findings”. Then, the author asked 

her students to create a four-letter acronym word to easily remember the information strategy 

they had elaborated, which led them to: “Focus on the topic”, “Locate the appropriate 

resources”, “Investigate the information” and finally “Produce the results of the findings”, 

giving birth to FLIP.  

However, then they decided to add “It” for “Intelligent Thinking” in order to consider 

a phase of reflection and evaluation of the process taken. In addition, the FLIP It model was 

cohesive with Pappas and Tepe (1995), because this process could also be moved in any 

direction needed, which allowed students to move both backwards and forwards depending 

on their needs. 

Jukes, Dosat and Matheson (1997) defined a five step model named the 5 As, in 

which each step of the process started with the letter A. For instance the first step was 

“Asking” which required students to ask themselves the answers to key questions. The 

second step was “Accessing” which drove students to consult relevant information in the 

field of the research. Once the information was consulted it had to be analyzed, which gave 

way to the third step of the process, “Analyzing”. After the information had been analyzed it 

was time for “Applying”, a step that encouraged students to apply the information found to 

the task given. Finally, the step that concluded the process was “Assessing” which considered 

the assessment of the final result as well as the assessment of the whole, developed process. 

A year later, the DIALOGUE model suggested by the Information Network for Ohio 

schools (1998) also presented eight steps to be followed in an information research procedure 

with a mnemonic device word. For instance, the letter D required students to define the need 

of information and the letter E demanded students evaluate the results. The model aimed to 

be a support structure to foster the development of research, problem-solving, and 
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metaconginvite skills through the collaboration of the classroom teacher and the teacher-

librarian.  

The main American model for information literacy was the Research Cycle model 

suggested by Jamie McKenzie (2000). It emphasized the significance of considering students 

as information producers rather than merely information searchers. Therefore, the model 

places stress on questioning, rejecting many of the models that focused their attention on 

topical research. His model demands that pupils make decisions, give answers, and show 

autonomous judgment by moving repetitively through the subsequent steps in the research 

cycle: “Questioning”, “Planning”, “Gathering”, “Sorting and Sifting”, “Synthesizing”, 

“Evaluating”, and “Reporting”. The last step mentioned was developed after several 

repetitions of the cycle. Hence, a relevant characteristic of this model is its focus on actively 

revising and rethinking the research queries during the process. 

In 1998, thanks to the great improvements that emerged after the broad range of 

research studies developed in the field of information literacy, the Institute for Information 

Literacy was born, leading the United States Department of Education to include, in 2000, 

information literacy in its national education technology plan. However, despite the huge 

amount of models proposed by American researchers during the 1980s and 1990s, references 

to information literacy publications in Europe are scarce and fragmented. In fact, the greater 

number of research studies have come from the United Kingdom, which leads to the idea that 

this lack of research on information literacy may be induced by the language barrier, since 

there is a presence of publications in local languages such as: Finnish, French, German, 

Norwegian, Spanish and other languages, but not in English in other European countries 

during the mentioned decades (Virkus, 2003).  

One of the most important contributions in Europe was the one of Irving (1985) who 

stated that the research process was a vital part of our daily lives and for that reason it had to 
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be directly linked to permanent learning. For instance, when we are ill, we look for medical 

information or when we do not want to have dinner at home, we search information about 

different restaurants. Moreover, with her nine step information skills model, Irving stressed 

the importance of a resource-based learning approach that emphasized the significance of 

addressing individual differences in teaching and learning style and the relevance of students, 

teachers, and librarians collaborating toward this joint goal. 

Several years after the aforementioned models of information literacy appeared, a 

group of researchers in the European Union initiated a succession of studies that looked at 

students’ IPS development and metacognition on the web. These studies, which were mainly 

based on a revised version of the Big 6 model, illustrated the importance of metacognitive 

skills in the IPS process on the web.   

2.2. IPS Model While Using the Internet 

With the appearance of the World-Wide Web, the IPS process had undergone several 

changes (Brand-Gruwel, Wopereis, & Walraven, 2009). Solving an informational problem 

using the internet undoubtedly differs from solving it using a library database as was done in 

the past. Therefore, the older models of the IPS process do not fit with the new educational-

social context. The internet has its own characteristics, the volume of information is huge, the 

information does not appear following an established pattern and there is no filter of 

information. These features have promoted an adjustment of how the whole process of IPS is 

developed (Timmers et al., 2015). In light of the network society’s current situation, several 

models that describe and analyze the problem solving process based on information from the 

Web have been proposed (Gerjets & Hellenthal-Schorr, 2008).  

However, the model of Brand-Gruwel, Wopereis and Vermetten (2005) accurately 

defines the skills required to solve an informational problem when the Internet is used, and 
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has been the most widely considered in IPS process research by different authors and 

perspectives until now (Bråten, Strømsø, & Salmerón, 2011). 

As can be seen in an updated and verified version of the model suggested by Brand-

Gruwel et al. (2005), Figure 1 has been developed with consideration for different cognitive 

processes defined by the central cognitive skills as well as the regulatory and conditional 

skills both involved in the process of IPS process while using the internet.  

 

 

 

 

 

 

 

Figure 1. Model of IPS while using Internet 
Source: Brand-Gruwel et al. (2009). 

 
In the following sections, the model presented and the cognitive processes involved 

with it will be explained in detail, considering the central skills and sub-skills as well as the 

regulatory and conditional aspects. 

According to the IPS-I-model, students need to hone the following central skills when 

developing IPS using the Internet: “Define the information problem”, “Search information”, 

“Scan information”, “Process information”, and “Organize and present information”.  

The first stage of an IPS process has the intention of defining the information 

problem. At this stage it becomes crucial to acquire a precise vision of the problem to be 

solved. In order to ensure this, it is essential that students develop several sub skills, such as: 

“Read the problem to be solved”, “Formulate questions regarding what needs to be done”, 
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“Activate previous knowledge on the topic”, “Outline problem requests”, and “Designate 

required information”.  

Secondly, the main objective in that phase is to find the information needed to solve 

the task presented. The process of searching for information will demand that students 

develop certain sub skills, such as: “Select an appropriate search strategy”, “Define the search 

keywords” and “Judge search results”.  

Once a web site has been opened, it is time to develop the third stage of the IPS 

process, which is mainly focused on scanning the information found, and then deciding what 

information will be useful in answering the initial task. Four different sub skills contribute to 

this aim: “Read information found”, “Judge the consistency of the information”, “Select 

relevant information”, and “Elaborate on content”. 

After choosing the relevant information to solve the IPS task, a deep processing of the 

selected information is required. Hence, the fourth stage of the IPS process is focused on 

reaching a profound comprehension in order to integrate the different pieces of information 

found with significant previous knowledge (Wopereis, Brand-Gruwel, & Vermetten, 2008). 

At that stage several sub skills are also developed, such as: “Read information found”, “Judge 

the processed information”, “Choose appropriate information” and “Elaborate on content”. 

Elaboration is a central part of the constituent skill and it is articulated by analyzing, 

selecting, and structuring information (Brand-Gruwel et al., 2009). 

Finally, the outcomes of the whole search process have to be synthesized in order to 

give an appropriate answer to the initial problem-solving task. Therefore, the stage of 

organizing and presenting information arises to make the product as was initially required. 

Moreover, this stage involves the performance of some sub skills, such as: “Frame the 

problem”, “Structure selected information”, “Plan the product”, and “Create the product”. 
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Final products can have different formats, such as an info graphic, which requires additional 

domain of computer skills, or a more modest written text like an essay on the topic.  

Despite the differences in the central skills and sub-skills, when the IPS task is 

presented, the students need to create a strategy in order to solve the information problem. 

Therefore, throughout the whole process of IPS the usage of regulatory aspects becomes 

fundamental. According to Brand-Gruwel, Wopereis and Walraven (2009), students have to 

monitor, steer, and evaluate whether the proposed strategy is still the right one, or decide if 

modifications in tactic are required. 

Orientation towards a task is focused on the analysis of the task as well as how it 

performs. Throughout the orientation of the task, the whole situation is measured including 

the features of the task presented, the context where it will be developed, and the main 

characteristics that the final product requires. An estimate of the time needed for task 

fulfillment is also examined in order to know how much time will be devoted to each 

particular activity. Previous knowledge on the topic or the problem stated is examined along 

with competency. 

Steering includes the decisions made after having carried out the orientation activity. 

These decisions will guide what activities have to be performed, establishing direction for 

achieving the activities. Steering occurs on a macro level (which includes the general 

planning) and on a micro level (which includes what to do next).  

Monitoring the process means supervising the task performance that is being 

implemented. This activity is considered to be less profound than an orientation towards a 

task. 

Evaluating aims to assess the process and the product. When this evaluation is 

executed during task performance it is called formative evaluation. Cases where both process 
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and product are evaluated at the end of the IPS process are called summative evaluation. 

Summative evaluation is relevant for fine-tuning future performance. 

The regulatory activities mentioned must be executed at a level sufficient to solve 

information problems effectively. However, to do so, students are also expected to have the 

adequate reading, evaluating, and computer skills, which are described in the model as the 

conditional skills (Brand-Gruwel et al., 2009). Some of the aforementioned conditional skills, 

such as reading skills and computer skills, will be deeply analyzed in the following chapter of 

the present dissertation.  

The updated version of the model presented by (Brand-Gruwel et al., 2005) provides 

an accurate overview of the central skills required to solve an informational problem when 

the internet is used to solve it. As has been described, the model suggests that these skills 

have to be developed as different steps to be followed during the process of IPS; with the 

help of certain regulatory aspects that have to be taken into account in order to adjust and 

enrich the whole process. Consequently, IPS has been seen for several years as a sequence of 

certain skills to be developed in a structured way in order to solve the problem given (Brand-

Gruwel et al., 2009).  

However, other research studies differ from the idea that the skills mentioned have to 

be developed in a sequenced manner. Instead, they suggest that these skills can be used by the 

students according to the diverse necessities of the assignment and according to the 

requirements that the task demands (Badia & Becerril, 2015; Becerril & Badia, 2015; 

Monereo & Badia, 2012; Şendurur & Yildirim, 2015).   

Researchers who agree that the skills presented and regulatory activities derived from 

the IPS-I-model are not developed instinctively by the students support the view that these 

processes must be learned and improved by the students with the help of efficient instruction 

on IPS (Puustinen & Rouet, 2009).  
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According to Monereo and Badia (2012), being able to produce a strategic resolution 

to an IPS task involves developing each skill with a high level of expertise in self-regulation, 

and staying consistent with the characteristics of the task’s requirements to solve the 

informational problem.  

Additional support for this comes from Becerril and Badia (2013), who developed a 

research investigation focused on studying information literacy in peer learning among 

secondary school students. This study exposed how the kind of task impacted the process of 

building common knowledge when solving an IPS task. Their results showed that the process 

of building common knowledge was stimulated by different interactive processes in which 

the task demanded that students select and establish conceptual relationships, and also that 

IPS processes had larger incidences of building common knowledge in tasks that required 

students to interpret information.  

In order to label the previous findings, Naumann (2015) presented the concept of task-

adaptive navigation, which means that navigation behavior is responsive to task demands, as 

information is accessed and processed as required by the task. This concept emerged after 

analyzing data from the Digital Reading Assessment test of 17 countries obtained thanks to 

the Program for International Student Assessment (PISA3) in 2009. The results found 

supported the proposed model of online reading engagement, which mentions that task-

adaptative navigation behavior predicts digital reading task performance, which was 

demonstrated by significant interactions between navigation behavior and navigation 

demands. 

The concept derived from task-adaptative navigation behavior has been recently 

supported by Walhout, Oomen, Jarodzka and Brand-Gruwel (2017) who pursued the study of 

                                                           

3 Every three years, PISA which is the Programme for International Student Assessment from OECD, measures 
how well is 15-year-old students’ level from all over the world in the main areas of reading, mathematics and 
science. The results obtained from the tests allow determining if students are prepared for real-life situations in 
their adult world. 
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influence of task complexity on search query formulation, evaluation of search results, and 

task performance. The results derived from their research study demonstrated that an increase 

in task complexity gives way to more search queries and keywords used, more time to make 

search queries, and more search results taken into account on the search engine results page. 

These results lead them to conclude that growth in the task difficulty directly influences the 

task performance as well as the search behavior itself.  

Şendurur and Yildirim (2015), who pursued an investigation of the whole search 

process of 13-year old students, also demonstrated that search patterns can change according 

to the types of task. More precisely, the results from their research stated that the amount of 

pages visited, the manner in which keywords were used, and the level of task 

accomplishment changed significantly across task type. Moreover, if attention is focused 

solely on the information scanning skill, five types of information scanning were defined 

which depended on the task at hand: (a) one-shot, (b) forward linear, (c) backward linear, (d) 

mixed, and (e) non-linear.  

The first scan type defined was one-shot scan and included students that visited only 

one web page, without judging the connection of the content with their aim. If students were 

not able to find the information they were searching for, they did not continue with the 

search. The second and third scan types were considered linear but with different directions. 

The forward linear scan type started with high-ranked pages and continued to the lower 

ranks, in contrast the backward linear scan type started first with low-ranked pages and then 

continued to higher ranks. The fourth type, mixed scans demonstrated a different pattern, 

including both features of forward and backward linear scanning in one search session. The 

last scan type was named non-linear, which was the type of scanning that did not follow a 

linear pattern.  
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Boutet, Lemieux, Goulet, and Collin (2017) reinforced previous findings with the 

results from their research, which was based on investigating whether prior knowledge of the 

task’s requirements influenced eye movements elicited during configural and featural face 

processing tasks. The results of their experiment suggest that faces elicit different scanning 

patterns depending on task demands. When participants were unaware of the nature of the 

information relevant to the task at hand, face processing was dominated by attention in the 

eyes. When participants were aware that relational information was relevant, scanning was 

dominated by fixations towards the centre of the face. These results lead them to conclude 

that faces do not elicit a single pattern of eye movements, but that different scanning 

strategies can be deployed depending on task’s demands. 

The above-mentioned findings, derived from several research investigations in this 

field of study, drive us to conclude that the learning sequence while developing IPS could be 

used in a flexible way. Especially considering that, depending on the demands of the tasks 

presented, some skills will have more or less relevance on the resolution process. 

Nevertheless, as studies that focus their attention on finding possible relations among 

students’ IPS skills performance and the different tasks type are scarce, it becomes important 

to increase the number of studies that gather information about how both variables may be 

related in order to improve students’ development of IPS tasks. 

 2.3. Types of Research Investigations Surrounding IPS-I-Model in Education 

In the last two decades, investigation of the IPS process using the internet has 

produced a huge amount of knowledge. Numerous investigators in library, information, and 

educational sciences have studied methods and abilities related to information use (Argelagós 

& Pifarré, 2016; Julien & Barker, 2009; Probert, 2009; Raes, Schellens, De Wever, & 

Vanderhoven, 2012; Şendurur & Yildirim, 2015; Timmers, Walraven, & Veldkamp, 2015). 

Due to large number of studies in various disciplines that surround the IPS process when 
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using Internet in Education, several paths have been opened with the intention to better 

analyze the processes performed by information seekers. 

Despite its variability, the investigations that have dealt with this subject can be 

classified into three large main groups according to their focus of study, as can be seen in 

Table 2. 

Table 2 
Main types of research investigations surrounding IPS-I-Model in education 
Types of research investigations Sub-types of each path 
1. Problems students face when developing 

the IPS process. 
1.1. Problems when performing the central 

skills of the IPS process. 
1.1.1. Define information. 
1.1.2. Search information. 
1.1.3. Scan information. 
1.1.4. Process information. 
1.1.5. Organize and present information.  

1.2. Problems when developing regulatory 
activities of the IPS process.  
1.2.1.  Orientation. 
1.2.2.  Monitoring. 
1.2.3.  Steering. 
1.2.4.  Evaluating. 

1.3. Problems regarding the conditional skills 
of the IPS process.  
1.3.1.  Reading skills. 
1.3.2.  Evaluating skills. 
1.3.3.  Computer skills. 

2. Effective teaching and learning methods 
focused on IPS skills acquisition. 

2.1. Organized knowledge base. 
2.2. Embedded in other domains. 
2.3. Supported by scaffolds. 

3. Factors that influence IPS process. 3.1. Contextual factors. 
3.2. Individual factors. 
3.3. Resource factors 

 

The research that is located in the first group focuses on the problems that students 

face when developing IPS tasks. In the second group, investigations are related by a common 

problem, which is successfully teaching IPS skills to assure students’ success when 

developing IPS. This second field of study deals with the characteristics of effective teaching 

and learning methods focused on IPS skills acquisition. The third field of study, in 

accordance with the interests of this research work, deals with the main research 
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contributions that analyze how several factors may have effects on both the results and the 

search process of IPS, which will be deeply explored in the next chapter of the present 

research.  

In order to draw an overview of the state of affairs, literature on the search for 

information in the educational field of the three groups cited above will be reviewed. 

2.3.1. Problems students face. 

As previously declared, with the arrival of the Internet, hypermedia systems have 

become a leading tool that facilitates the access of information to a large variety of users. 

Because hypermedia helps learners accessing educational content, hypermedia has been 

recognized to have a huge potential when providing information to learners. However, the 

non-linear nature of hypertext environments, in addition to other specific features, can 

generate certain difficulties during the IPS process, converting the resolutions of 

informational problems in hypermedia environments into a more complex and challenging 

task for our students (Walraven, Brand-Gruwel, & Boshuizen, 2008). 

In this line of research, when students face problem solving activities several issues 

can appear. Consequently, an important field of study has been centered on detecting issues 

that students face while developing IPS skills in the Internet. Several authors agree that many 

students often use superficial strategies for seeking and treating information and cannot solve 

informational problems effectively (Badilla Quintana, Pujol, & Romani, 2012; Head & 

Eisenberg, 2010; Monroe-Gulick & Petr, 2012). For this reason, this section wishes to 

elaborate a summarized revision of which difficulties have been highlighted when developing 

the constituent skills of the IPS-I-model previously presented. The results derived from this 

revision have been summarized on Table 3. 
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Table 3  
Summary of problems secondary education students face while developing IPS Skills 

Authors Define the information problem Search information Scan information Process information 
Organize and present 

information 
Probert (2009) - - - Students do not store 

relevant information 
but modify text from 
the site and add it to 

the product. 

Students simply ‘copy and 
paste’ their answers when 
using digital information 

in their tasks. 

Walraven et al. 
(2010) 

Students have problems with 
“activating prior knowledge”, 

“clarifying task requirements” and 
“determining needed info”. 

- Students often do not 
evaluate results, 

information and sources. 

Students rarely take 
the time to read the 

information in-depth. 

- 

Badilla Quintana 
et al. (2012) 

- Students do not know 
which search terms to use. 

- - - 

Monroe-Gulick 
and Petr (2012) 

Students generally show deficiencies 
with regard to defining the information 

problem. 

- Students trust the 
information found, even if 

information does not fit 
with prior knowledge. 

- - 

Raes et al. 
(2012) 

- - - - Students include whole 
fragments of information 

extracted from the internet 
in their answers. 

Şendurur and 
Yildirim (2015) 

- Students’ use of correct 
keywords does not always 

make the right results. 

- - - 

Chevalier, 
Dommes and 
Marquié (2015) 

- Students present 
difficulties reformulating 
requests, navigating and 

browsing websites. 

- - - 

Argelagós and 
Pifarré (2016) 

Students’ lack of reflection regarding 
the actions to be taken to solve the 

digital task contributes to the difficulty 
of defining the information problem. 

Students have problems 
selecting reliable and 

useful results. 

- - - 

Salmerón, 
Naumann, 
García and 
Fajardo (2017) 

- - Students have difficulties 
assessing hyperlink 

relevance from a webpage. 

- - 
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Firstly, the skill responsible for defining the information problem is hardly included in 

IPS research despite it being a key stage to succeed in the whole process (Walraven et al., 

2008). When students are required to define the information problem, students are also asked 

to elaborate a mental representation of the problem to be solved, internalize the search 

problem statement, and extract or infer useful keywords to formulate a query (Sanchiz, Chin, 

et al., 2017).  

However, students from various ages generally present deficiencies with regard to 

defining the information problem (Monroe-Gulick & Petr, 2012). Apparently a lack of 

reflection regarding the actions that must be taken to solve the digital task contributes to the 

difficulty of defining the information problem (Argelagós & Pifarré, 2016b).  

Correspondingly, Walraven, Brand-Gruwel and Boshuizen (2010) highlighted that 

students tend to have important problems with the subsequent tasks “activating prior 

knowledge”, “clarifying task requirements”, and “determining needed info”. This fact is 

alarming since the constituent skill of defining the information problem is mainly sustained 

by the mentioned sub-skills, among others.  

Second, searching for information has been the main skill analyzed in IPS research 

studies. Therefore, a broad field of study has been conducted regarding the difficulties that 

the students may encounter when performing this constituent skill.  

The development of this skill involves planning actions to complete the search 

objective. Once the strategy that will be followed has been defined, students have to analyze 

and evaluate the search results emerged by comparing them with the objective of their 

research. If the results do not match the students’ information requirement, students may 

decide to reformulate the question they produced and change the keywords used to produce a 

new question. However, developing this process of searching for information might not be an 

easy process for a significant number of students. No matter how advanced their technical 
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skills, the related literature claims that students face certain difficulties while searching for 

information (Bar-Ilan & Belous, 2007).  

One of the main difficulties demonstrated by this process is that students do not 

always know which search terms to use (Badilla Quintana et al., 2012). According to 

Şendurur and Yildirim (2015), even if meaningful keywords are entered, there can be 

irrelevant clicks, superfluous content, long search durations, and so forth. This fact leads us to 

conclude that appropriate keywords do not always produce relevant results. Moreover, apart 

from the numerous difficulties exhibited by the students when typing appropriate search 

terms, they also have several problems when selecting reliably useful results from a search 

engine (Argelagós & Pifarré, 2016b; Brand-Gruwel et al., 2009).  

The difficulties mentioned would seem a more frequent problem to novice readers, 

and selecting menu items or text passages posed difficult problems even to experienced 

readers (Rouet, Ros, Goumi, Macedo-Rouet, & Dinet, 2011). After deciding the relevance of 

the findings emerged, if the information is not cohesive with the purpose of the research, the 

initial question or keywords have to be reformulated. This procedure is complicated due to 

the numerous difficulties present when reformulating requests, navigating the web, and 

browsing websites (Chevalier et al., 2015). The skills to find reliable information do not 

develop spontaneously; they require instruction (Walraven et al., 2008). Surprisingly, 

instruction on these IPS skills receives relatively little attention in education (Walhout et al., 

2017). 

Third, once the appropriate webpage is located, the hard task of scanning the 

information found arises. The aim at this stage is to evaluate search results, information, and 

sources to properly select the information that will help students to elaborate on the content 

and give an answer to the initial tasks’ requirements. However, it seems that the assessment 

of hyperlink relevance in a search engine results page is a difficult mission for students, 
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which is suggested to be caused by the lack of previous knowledge on the research topic 

(Salmerón et al., 2017).  

The selection of information seems to be based on the information one expects to find, 

and not by considering important aspects such as validity, authority, and actualization of the 

information found. Hence, teenagers exhibit relevant problems with distinguishing the 

reliable information from the questionable and due to this run into serious problems when 

selecting the useful information for the task fulfillment (Lazonder & Rouet, 2008). Therefore, 

students use information that properly fits with the tasks’ requirements despite the fact that 

the origin of the information used is commercial or not focused on scientific purposes. In fact 

students confirm that they trust the information they find, even if this information does not 

agree with their own experience (Monroe-Gulick & Petr, 2012). 

Even though processing information is not an easy task for students, few researches in 

the field of IPS have focused their attention on going deeper into how this skill is developed 

by the students, in order to discover the main problems that students might face. Focusing our 

attention on the latest findings in the field, as with the previous skill analyzed, students hardly 

ever take the time to read the information found in a profound way (Wallace, Kupperman, 

Krajcik, & Soloway, 2000), which leads them to miss relevant information that could be 

employed to give a better answer to the initial question. Moreover, pupils have a tendency to 

review the processed information by seeking the exact words they expected to find to give an 

answer (Large & Beheshti, 2000). Likewise, students do not collect relevant information, 

they simply transform the text from the site and insert it into their final product (Probert, 

2009). 

Finally, it is important to highlight that present information has not been described 

enough in previous studies to point out numerous problems that students might encounter. 

However, when the final skill of the process has to be developed, students also fall into using 
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the common, but inefficient, strategy of  “copy and pasting” from digital information found to 

write answers for their assignments (Probert, 2009).  

Raes, Schellens, De Wever and Vanderhoven (2012) also observed the frequent usage 

of this strategy in high school students who included whole fragments of information 

extracted from the internet in their answers. However, the way the information must be 

organized and presented in itself seems to be a complex cognitive skill. Therefore, increasing 

the number of present studies focusing on students’ writing skills will perhaps proportionate a 

deeper understanding of the difficulties students face with this skill (Walraven et al., 2008). 

As numerous research studies have displayed, during the resolution of IPS tasks it 

becomes quite easy for the students to lose orientation and therefore not know how the 

information found fits into the big picture and which hyperlinked path to follow. Moreover, 

several authors agree that many students often use superficial strategies for seeking and 

treating information and cannot solve informational problems effectively (Brand-Gruwel et 

al., 2009; Head & Eisenberg, 2010; Monroe-Gulick & Petr, 2012; Pujol, Quintana, Romaní, 

& Gibson, 2009). Additionally, it is important to highlight that numerous studies have been 

developed in order to detect the main problems that students face while developing the first 

constituent skills (“Define the information problem” and “search information”). 

However, less attention has been paid to the rest of the constituent skills (“Scan 

information”, “Process information” and “Organize and present information”). Taking into 

account the previous mentioned studies, it is undeniable that an effective IPS instruction 

needs to be designed when students learn IPS skills. For this reason, more studies are needed 

in order to overcome the possible problems that could appear in the rest of the constituent 

skills. 
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2.3.2. Effective instructional principles. 

As previously stated, IPS has been a field of study for several years, but with the 

internet’s arrival into society, the process has changed and research focused on teaching 

strategies to improve students’ problem-solving skills on the web has increased in the last 

decade. Consequently, an extensive body of research has highlighted different instructional 

principles that allow us to define an effective instruction of IPS skills. Therefore, in this 

section the effective instructional principles derived from research in the field of study is 

reviewed. The result of the developed review is the summary presented in Table 4 which 

leads to the synthesis of the main findings on effectively teaching IPS skills. 



CHAPTER 2. MAIN ASPECTS THAT CHARACTERIZE THE IPS PROCESS                                                                                                                                  46 
 

Table 4. 
Synthesis of recent findings on teaching effectively IPS skills 

Authors Organized by a knowledge base Embedded in other domains Supported by technological scaffolding 
Gerjets and Hellenthal-
Schorr (2008) 

An organized knowledge base helps 
students to relate the contents and 

strategies learned. 

- Adaptable and temporary supports avoid to 
students feeling overwhelmed by the 

different activities they have to perform 
when developing IPS tasks. 

Kuiper et al. (2008) Providing explicit instruction becomes a 
key part of the learning process. 

Thanks to embedding the teaching of Web skills 
within content matter skills become meaningful for 

students. 

- 

Stadtler and Bromme's 
(2008) 

Students need to understand what the IPS 
skills are and when they should be used. 

- Offering students an adaptable and 
temporary support system during the initial 

phase of the learning process is positive. 
Walraven et al. (2010) Students have to be stimulated to pay 

explicit attention to the various steps that 
have to be taken in an IPS process. 

Students need to realize how steps can be used 
flexibly in different situations by abstraction and 

metacognition. 

- 

Argelagós and Pifarré 
(2012) 

- IPS skills should be taught through situated 
problem solving. 

Scaffolding helps to accomplish all the steps 
needed to successfully solve a problem. 

Raes et al. (2012) - Connected instruction that promotes IPS within 
inquiry activities is effective for teaching the highly 

interrelated constituent skills and sub-skills 
involved in IPS. 

The scaffold should provide enough 
information so that the learner makes 

progress on his or her own. 

Manson et al. (2014) - - Scaffolds trigger students to activate key 
cognitive processes to solve the learning 

task. 
Hutchison and Colwell 
(2014) 

- Digital tools provide new learning opportunities 
and contexts that must be used to foster the 

knowledge acquired in other domains. 

- 

Brand-Gruwel, Jarodzka, 
van Dijk, de Groot and 
Kirschner (2015) 

- Learners should not be taught Web skills through 
isolated assignments or worksheets. 

- 

Van Merriënboer and 
Kirschner (2018) 

- Training of IPS skills should be intertwined with 
the teaching of domain specific skills taught in the 

context of one or more domains. 

- 

Frerejean et al. (2019) Successful problem solving depends on the 
existence of structured knowledge, the 
mastery of a set of skills and a critical 

attitude. 

IPS practice in domain-specific instruction can 
potentially be effective for the development of 

abstract knowledge structures and cognitive 
strategies necessary for IPS. 

Learning tasks should have diminishing 
support in each task class. 
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The first instructional principle, derived from several previous studies, defines an 

effective instruction of IPS skills and provides students with an organized knowledge base. 

When students have to learn how to subtract, they are presented a method to follow in 

order to successfully solve the math operation given. Then, students are encouraged to face 

different subtraction problems following the procedure that contains an organized knowledge 

base. Once they have solved different problems several times, it is assumed that they have 

internalized the different steps to follow when solving a subtraction equation, which means 

that students will be able to solve similar problems presented in their daily lives, even outside 

the academic context. For that reason, when students are asked to solve an IPS task they have 

to be given an organized knowledge base that helps them to comprehend the different steps 

that have to be followed to assure they succeed. A proper way of providing students with an 

organized knowledge base is presenting them with a useful and comprehensible model for 

pupils to follow. If they understand what has to be done in each phase of the process and why 

is it relevant, they will be able make better decisions in each step of the process, which will 

lead them to be effective when solving IPS tasks in any context of their lives. 

Concurrently, certain previous studies agree that students should be stimulated to pay 

explicit attention to the various steps to be taken in a problem solving process, in order to 

acquire an organized knowledge base which will help them to relate the contents and 

strategies learned with concrete experiences and with representations in other domains 

(Gerjets & Hellenthal-Schorr, 2008; Kuiper, Volman, & Terwel, 2008; Stadtler & Bromme, 

2008; Walraven et al., 2010).  

Conversely, the constructivist approach of de Vries, van der Meij, and Lazonder 

(2008), who developed a review of five different studies that tried to overcome IPS skill 

deficiencies via different types of instructional and environmental support, suggested that 

students should not be taught web skills through isolated assignments or worksheets. 
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Nevertheless the review performed demonstrates that most students appeared to remain 

inconsistent web users and did not act upon their knowledge of web searching, reading and 

evaluating skills.  

In the investigation where two educational programs to foster IPS skills in secondary 

education students were designed and evaluated, Walraven et al. (2010) demonstrated that 

students have to be stimulated to pay explicit attention to the various steps in a problem 

solving process and to the way these steps can be used flexibly in different situations by 

abstraction and metacognition.  

With older students, Stadtler and Bromme (2008) developed a research study to 

evaluate how a metacognitive computer tool named met.a.ware supported laypersons’ 

Internet research for medical information by means of metacognitive prompting and 

ontological classification. The results revealed that met.a.ware was an effective tool that 

supported laypersons’ internet research by helping students to understand what the IPS skills 

are and when they should be used. 

Recently, Frerejean, Velthorst, van Strien, Kirschner, and Brand-Gruwel (2019) 

presented a study that investigated the effects that an IPS instruction had on future primary 

education teachers' IPS skills. The IPS instruction designed was mainly characterized by: (1) 

Learning tasks based on authentic real-life situations, (2) Supporting information to develop 

cognitive models and strategies, (3) Procedural information which provided gradual 

instruction when learners executed procedural aspects of the skill and (4) Part-task practice 

which allowed repeated practice for the skills used. The results revealed that the instruction 

received succeeded in developing cognitive strategies for solving an information problem, 

although improvements were not consistent in all features of the IPS skill. 

 



CHAPTER 2. MAIN ASPECTS THAT CHARACTERIZE THE IPS PROCESS                                49 
 

Providing students with an organized knowledge base means presenting them with a 

useful IPS method that allows them to understand the different steps of the process and how 

the specific skills should be used in a critical way to successfully solve an IPS task. 

On the other hand, the second instructional principle, derived from different earlier 

studies, defines that an effective instruction of IPS skills deals with embedding IPS 

processes’ instruction in other domains. Perin (2011) focused on reviewing the success of 

contextualized instruction and concluded that the existing studies propose that when 

instruction is embedded within a significant context based on representations in other specific 

domains, it has the potential to increase students’ motivation towards learning and grow 

greater commitment. 

Aversely, isolated instruction of IPS in standalone sessions outside of a domain 

context has been shown to be less effective (Tricot & Sweller, 2014). In the concrete context 

of IPS, various authors suggest that if the organized knowledge base presented before is 

connected with concrete experiences and representations in other domains, the learning 

outcomes will be more durable, flexible and global (Argelagós & Pifarré, 2012; Britt & 

Aglinskas, 2002; Walraven et al., 2010).  

For instance, when Spink, Danby, Mallan and Butler (2010), explored the 

development of  young children's web search and information literacy skills when instruction 

was embedded in the curriculum, they showed that young students employed complex web 

searches, such as: keyword searching and browsing, question formulation, significant 

judgments, and consecutive searches. 

In primary education, Kuiper et al. (2008) assessed how an educational program based 

on teaching web skills in the context of a content knowledge domain, influenced 10-years old  

students’ performance and knowledge. The results demonstrated that students benefit from 

instruction on search and evaluation skills embedded in learning tasks focused on healthy 
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food, because students’ content knowledge and web skills improved. However, researchers 

also highlight that the majority of the students were still not capable web users because they 

did not act using their knowledge of web searching, reading, and evaluating skills.  

In secondary education, Britt and Aglinskas (2002) examined students’ proficiency 

when developing the literacy skills that dealt with sourcing, contextualization, and 

corroboration. To do so, they designed the Sourcer’s Apprentice, which was described as a 

computer-based tutorial and practice environment for teaching students the abovementioned 

skills while learning through history texts. The results revealed that students who had used 

the Sourcer’s Apprentice improved their abilities when performing the three literacy skills. 

Moreover, the essays written by these students also presented more references and 

information derived from primary and secondary sources than the control group. 

Argelagós and Pifarré (2012) also confirmed that the teenagers in secondary education 

that received an IPS instruction embedded in the science curriculum had positive results 

when developing IPS skills. More precisely, researchers developed an investigation which 

focused their attention on defining which effects that a long-term, embedded, structured, and 

supported instruction had in secondary education students. The results determined that 

participants demonstrated more skilled when developing the contintuent skill of “defining the 

problem”, and greate marks on task performance than the participants who belonged to the 

control group. 

Consistently in previous research studies at different levels of education, it is been 

shown that when IPS skills are embedded in the scholarly curriculum of existing subjects, 

students will realize how different steps can be used flexibly in different situations by 

abstraction and metacognition (Walraven et al., 2010). Likewise, Francom (2018) proposes 

that IPS skills training should be taught simultaneously with other domain specific skills, in 

this way, giving a contextualization to the training. 
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In the same vein, Raes et al. (2012) investigated how diverse forms of scaffolding 

influenced students who were learning science through a web-based collaborative inquiry 

project. They mentioned that embedding IPS in an inquiry based learning (IBL) environment 

that provided multiple forms of scaffolding was effective for teaching the highly interrelated 

constituent skills and sub-skills involved in IPS, which leads us to the next instructional 

principle. 

The last instructional principle, derived from numerous preceding studies, defines an 

effective instruction of IPS skills as having to support the IPS processes instruction by 

technological scaffolding. As IPS skills require significant effort to learn, students can easily 

become overwhelmed by the amount of different activities they have to perform (Lazonder, 

2001). However, several studies have mentioned that scaffold instruction aims to avoid this 

problem by offering students an adaptable and temporary support system during the initial 

phase of the learning process (Gerjets & Hellenthal-Schorr, 2008; Huang, Liu, Chen, 

Kinshuk, & Wen, 2014; Pifarré, Cobos, & Argelagós, 2014; Raes et al., 2012; Stadtler & 

Bromme, 2008). In addition, scaffolds the activation of key cognitive processes to solve the 

learning task (Mason, Junyent, & Tornatora, 2014). 

Consequently, technological scaffolding has achieved recognition as an important 

instructional scaffolding method, and its usage has increased in the field of computer-based 

learning environments (Morris et al., 2010). These technological scaffolding measures, 

defined as prompts, stimulate cognitive and metacognitive activities throughout the learning 

process and can vary from hints, suggestions, reminders, sentence openers, and questions, 

among others (Raes et al., 2012).  

Recent investigations have shown an overall improvement of the students’ 

performance when developing IPS tasks supported by prompts, which means that 
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technological scaffolding enhances knowledge acquisition and metacognitive awareness with 

respect to IPS skills. 

For instance, Argelagós and Pifarré (2012) revealed that the use of a methodical 

instruction embedded into the curricular content and supported by concrete scaffolding had a 

positive influence on the students’ ability to define the problem. This was especially true in 

the two information search sub skills of “search terms” and “selection of results”, as well as 

in the proper fulfillment of the task. The same year, Raes et al. (2012) demonstrated that 

students significantly improved metacognitive consciousness and knowledge achievement in 

sciences thanks to the use of two types of scaffolding. The first one being instructional 

scaffolding provided by the teacher that consisted of verbal messages, with instructions 

adapted to the students’ needs. The second one was the same as the aforementioned 

scaffolding with additional technological scaffolding which was comprised of queries and 

propositions that emerged on the computer screen as fixed messages related to each task. 

Concurrently, Yeh, Hsu, Chuang and Hwang (2014) developed a research study to 

help secondary education students improve the main IPS strategies with the support of an 

instructor’s scaffolding in an IPS course designed in an Online Information Management 

interface. It was observed that continuous encouragement and scaffolding hints were likely 

the main reason for the insignificant level of participants’ improvement on “disorientation” 

and “problem solving” skills, since they decrease the opportunities for users to experience 

difficulties on their own, and deal with the frustrations of independent online searching.  

In coherence with what previous studies have suggested, Walhout et al. (2015) 

examined how a hypertext learning environment, characterized by offering navigation 

support with both a tag-cloud or conventional hierarchical menu, could influence students’ 

task performance with regard to the students’ gender. The results obtained demonstrated that 

navigational support and gender were not associated with differences in task performance, 
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which lead them to conclude that tag-clouds support navigation and can facilitate learning 

from hypertext. Since it has been shown that scaffolding helps students to accomplish all the 

steps needed to successfully solve a problem, it becomes relevant to provide students with 

technological scaffolding in order to guide them through the whole learning process of 

information problem resolution. 

In summary, an effective IPS instruction must take into account three different 

instructional principles in order to effectively teach IPS skills. First, students should be 

stimulated to acquire an organized knowledge of IPS processes in order to correctly identify 

the different steps of the process, and how the specific skills should be used in a critical way 

to solve an IPS task. Second, students should be taught IPS skills embedded in other domains 

such as the scholarly curriculum; in this way students will realize how different steps can be 

used flexibly in different situations through abstraction and metacognition, and give a 

contextualization to the training. Third, students should be supported during the IPS process 

through technological scaffolds in order to be guided through the whole learning process of 

information problem resolution, so that the learner will be able to make progress on his or her 

own. 

However, in formal education, more attention should be paid to equipping students 

with the necessary tools to efficiently face efficiently the different processes of solving 

information problems. Hence, instructional designs that consider the three principles 

extracted are needed to foster the appropriate development of students’ IPS skills when 

responding to different types of demands. Therefore, the instructional design used in the 

present research study will be based on the three principles before mentioned. 

2.3.3. Different factors that influence the process. 

From an integrative point of view, three different factors that affect the cognitive 

process of solving an informational problem through the use of digital information can be 
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defined. As shown in Figure 2, these three factors include contextual factors, information 

resource factors and individual factors (Lazonder & Rouet, 2008). 

 

 
Figure 2. Factors that influence IPS development 

Adapted from Lazonder and Rouet (2008). 
 

First, contextual factors include the relevant characteristics of the situation that are 

pre-existent to the IPS activity, such as: place, time, equipment, people, and messages. In an 

educational environment, the context of the task often includes the instructions and advice 

given by the person responsible for leading the educational situation, which is frequently 

taken by the teacher. The instructions facilitated frequently take the form of a topic like 

“Illnesses and Health” or a problem statement such as, “A friend of yours has to travel to 

Brazil but he is afraid of being exposed to the Zika virus, help him write a list of different tips 

to follow when travelling to Brazil in order to prevent him from getting infected”. 

Both examples offered have been extracted from the didactic sequence designed and 

developed in the present research. Walraven, Brand-Gruwel and Boshuizen (2008) 

highlighted that in order to avoid certain difficulties that students might have during the 

development of an IPS task, it becomes vital to make realistic and motivating tasks for the 
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students. Moreover, the statements have to be simple enough to be manageable, because if 

the statements are too complex to be understood the students will be faced with an additional 

difficulty (Lazonder & Rouet, 2008).  

Second, the factors that refer to information resources can differ depending on the 

way in which information is presented. Consequently, information can be presented as a list 

of different previously selected web pages previously selected or as the whole web. At this 

point a critical factor is the available interface, or tools, with which the students must select 

and evaluate appropriate sources. In fact, it has been demonstrated that studying electronic 

documents can be related to feelings of disorientation and cognitive overload in students 

(Macedo-Rouet, Rouet, Epstein, & Fayard, 2003). Therefore, it becomes crucial to take into 

account the quality of content representation devices in the electronic information systems, 

which seem to be critical in reducing these types of problems for the students (Lazonder & 

Rouet, 2008). 

Third, individual factors that comprise general skills such as the students’ level of 

reading, the use of written language to communicate, the level of previous knowledge, 

familiarity with the type of task, and information resources that define the IPS task that 

students are working on.  

In the latest research studies, various factors have been suggested to be directly related 

with the students’ level of expertise in the resolution of an IPS task. However, less attention 

has been paid to the individual factors that may perhaps influence the development of a 

specific skill such as scanning information or processing information. Hence, recent 

empirical research studies have been analyzed to elaborate a revision of the central factors 

that might influence the development of a certain skill. 

On one hand, students’ reading skills have been highlighted as an individual central 

factor that influences the development of certain skills. Students’ reading ability is a complex 
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factor that has recently proven to experience many changes as has happened with searching 

processes as well. With the arrival of electronic information technologies, the collection of 

digital documents has increased, changing the way documents are read. This state of affairs 

has established a current reading transition from print texts to digital texts in which books are 

being over taken by a growing number of digital reading devices, such as: computers, 

laptops, e-books, tablet devices, and smart phones among others (Mangen, Walgermo, & 

Brønnick, 2013). 

Reading and comprehending digital texts, which are mainly characterized by a 

nonlinear hypertext structure, might be mystifying for students because digital texts involve a 

more self-directed selection of text pieces compared to linear reading (Hahnel, Goldhammer, 

Naumann, & Kröhne, 2016). 

Since the time spent by the students reading digital texts has strongly increased, the 

manner in which students read has changed, giving rise to the so-called “screen-reading 

behavior”. The screen-based reading behavior has been mainly characterized by a increase in 

the time devoted to browsing and scanning, keyword identifying, non-linear reading, and 

reading more selectively, while less time is devoted to detailed reading (Liu, 2005). 

Consequently many questions have been raised, such as if the digital texts involve 

different understanding skills or different understanding processes than print texts, as well as 

how students read, understand, and interact with digital texts. In order to bridge the gap 

between what’s known about digital reading comprehension and what education 

professionals would like to know, several research studies within the last decade have 

attempted to investigate how student’s reading behavior has changed in the digital 

environment where we live and how the student’s reading behavior is related to information 

literacy processes (Li, Tseng, & Chen, 2016; Mangen et al., 2013; Naumann, 2015). 
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Preceding studies have focused their attention on how students’ reading abilities have 

shaped the way they scan and process printed texts with the purpose of answering questions. 

Evidence suggests that students with poorer reading abilities tend to be less efficient when 

answering specific questions (Vidal-Abarca, Mañá, & Gil, 2010).  

Due to this, studies that relate scanning and processing information processes with 

reading level have also been performed. Salmerón, Naumann, García, and Fajardo (2017), for 

example, wondered how reading skills influenced the way students scanned and processed 

hypertext while answering a specific question. On one hand, the results from their study 

showed that highly skilled readers scanned quicker and revisited segments of the hypertext 

that did not contain relevant information less often, especially in integrated questions. On the 

other hand, the results also indicated that there was no evidence for a positive relation 

between reading skills and processing information of relevant sections.  

Likewise, Hahnel et al., (2016) studied how high school students scanned a text while 

giving answer to different questions by using a Wikipedia text, and how their reading ability 

and the question type interacted with this process. When focusing on their results related to 

reading ability, researchers suggest that students who are skilled in reading linear texts are 

estimated to understand and relate significant concepts presented on nodes in the hypertext, 

and to review specific pieces of information if they perceive gaps in their comprehension. 

Still, less skilled students may have difficulties finding important pieces of 

information from web pages, connecting key ideas among different sentences, or making 

inferences based on the associations between text information, previous knowledge, and their 

reading objective. For that reason, less skilled students will probably choose pages less 

effectively than competent readers will, bringing them to a more restricted hypertext 

comprehension. Moreover, the results also indicate that comprehending significant 

information to accomplish the task could be associated with extended times. However, if 
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students become aware of unconnected information, they might stop reading information 

thereby presenting shorter reading information times. Therefore, the authors suggest that the 

duration of students’ access to hypertext could facilitate the understanding of how students 

use their time, and therefore facilitate a different vision into the students’ cognitive processes.  

Potocki, Ros, Vibert and Rouet (2017) established significant relations among 

students’ knowledge of reading strategies by examining how students’ searching strategies 

were when reading a text to solve a specific task. The results demonstrated that significant 

individual differences were observed in the development of students’ strategies. For instance, 

some students systematically fixated on headers to find information related to the questions 

given, which showed the presence of selective reading strategies, such as the skimming 

technique, whereas others did not. These differences were not significantly related to the 

participants’ decoding or comprehension skills but rather to their knowledge of reading 

strategies. 

Recently, Şendurur and Yildirim (2015) investigated the entire search process of 

seventh grade students and demonstrated that students with better reading abilities had a 

shorter scan time than students with less reading abilities because they made use of a more 

efficient and selective reading strategy which allowed them to directly locate the relevant 

information to solve the question given.  

Furthermore, thanks to the data collected during tasks’ development, different patterns 

of reading were recognized: (a) distracted, (b) linear, and (c) skimming readers. The first 

reading style, “Distracted reading style”, occurred each time users found advertisements or 

other irrelevant images. The second reading style, “Linear reading style”, emerged when the 

keywords were very precise and detailed. Students who started with linear reading stopped, 

scrolled, and skimmed if they found unconnected information. The last reading style, 

“Skimming reading style” mostly benefited from headings, common keywords, or phrases. 
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The students with this style read one or two phrases as a maximum and in general from the 

principal lines. Researchers also observed that if the information was consistent with 

achieving the aim of the task, then the style changed to linear reading. 

From the precise revision of current empirical research studies encompassing 

students’ reading, scanning and information processing skills, we can conclude that students 

who are more efficient using reading strategies seem to have fewer difficulties finding useful 

information on the hypertext to solve an IPS than less skilled students. Indeed, it seems that 

to succeed in the IPS required skill of hypertext reading, it is crucial to regulate scanning and 

processing information skills.  

However, the regulation of scanning and processing information skills is a 

problematic assignment that involves properly identifying significant text sections to 

complete the learning task while scanning a hypertext by means of analyzing appropriate 

signs, such as the introduction to a fragment or section headings, and to immediately process 

those sections (Salmerón et al., 2017). Hence, it becomes undeniable that further examination 

is required with regard to how students' scanning patterns and processing information in 

hypertexts might be related to their reading skills. 

Likewise, students’ information and communication technology skills have also been 

highlighted to be an individual, central factor that influences the development of certain 

skills. Nowadays, there is no wonder that in the field of education, information and 

communication technologies are becoming an irreplaceable tool used by students to develop 

their academic activities. However, in order to succeed in the information society, students 

need skills that allow them to effectively handle digital technology and communication tools 

or networks, which give way to Information and Communication Technologies (ICT) skills. 

According to Lau and Yuen (2014) ICT skills include the fundamental skills and actions of 

accessing, managing, integrating, evaluating, and creating information.  
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In coherence with the previous point developed, Coiro (2011) showed that reading 

skills and ICT skills were crucial prerequisites for an effective digital reading. The results of 

the empirical research showed that skilled readers with ICT skills were better at locating, 

evaluating, and synthesizing the information from the hypertexts than students who had 

problems with linear texts or who lack basic ICT skills. These students had several 

difficulties in locating and relating relevant information from different hypertexts.  

In addition, earlier empirical research stated that students with powerful basic 

computer skills were able to find, access, and locate information in digital environments, 

indirectly supporting their comprehension of digital text (Goldhammer et al., 2014; Hahnel et 

al., 2016; Naumann, 2015). Accordingly, Rohatgi, Scherer, and Hatlevik (2016) wondered 

which was the role of ICT self-efficacy in students’ computer and information literacy 

achievement, the results of their research showed that self-efficacy in basic ICT skills was 

positively related to computer and information literacy achievement.  

However, research studies that focus their attention on the possible relation among 

students’ ICT skills and their IPS task development are scarce. 

Therefore finding answers to questions like how ICT skills support locating and 

scanning relevant information and processing digital texts should be the main purpose in 

further research studies (Hahnel, Goldhammer, Naumann, & Kröhne, 2016). Hence, in the 

present research study, the attention will be focused on how ICT skills are related to students’ 

performance of scanning and processing information skills. 

The last individual central factor that influences the development of certain 

highlighted skills is the students’ previous domain knowledge. With regard to different levels 

of previous knowledge, numerous studies claim that this factor can play an important role in 

IPS processes (Raes et al., 2012). In fact, many studies have brought to light the close 

relationship between students’ previous knowledge and their decisions on selecting a 
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particular hyperlink or piece of information (Rouet, Ros, Goumi, Macedo-Rouet, & Dinet, 

2011).  

With focus on previous domain knowledge and the level of expertise in search skills, 

a study done by Wood et al. (2016) examined how both variables influenced when using the 

Internet to find information. The results revealed that the combination of high search 

expertise and high previous domain knowledge produced the most effective searches. In one 

respect, participants with higher search expertise accessed more precise and credible sites 

and, in another, participants with higher previous domain knowledge accessed sites more 

thoroughly. Likewise, Brand-Gruwel and Stadtler (2011) carried out different studies on how 

students of different ages selected information on multiple hypertext documents. The search 

outcomes showed that previous domain knowledge had an impact on students’ evaluation 

behavior, in the sense that students with low previous knowledge trusted less reliable sources 

and did not distinguish between relevant and irrelevant criteria when judging the reliability of 

sources.  

In the same vein, other studies have indicated that students who have less previous 

knowledge may be more limited in effectively performing different problem solving 

processes. Consequently, this leads us to suggest that these students need a support to 

scaffold or model the information gathering process (Kim & Hannafin, 2011).  

In pursuit of that question, Bulu and Pedersen (2012) explored how students with 

diverse previous domain knowledge benefited from different scaffolds. The results revealed 

that students with low previous domain knowledge took benefit from the different scaffolds 

provided, while for students with higher previous domain knowledge, scaffolds did not give a 

significant advantage to solve the IPS task. Hence, it seems that it can be anticipated that 

students with high previous domain knowledge on the task topic will proceed differently than 

the students with low previous domain knowledge during each phase of the IPS task. 
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Taub, Azevedo, Bouchet, and Khosravifar (2014) wondered if students’ level of 

previous knowledge could predict the usage of cognitive and metacognitive self-regulated 

learning strategies when developing IPS processes in hypermedia-learning environments. 

From this research, the authors found significant differences in the use of self-regulated 

learning strategies among students with diverse levels of previous knowledge. More 

specifically, the main differences were found in the use of each metacognitive strategy, but 

not in each cognitive strategy. 

More recently, in order to find answers on how previous knowledge and other 

variables could influence the resolution of IPS tasks, Sanchiz, Chevalierf and Amadieu 

(2017) focused their research on how previous domain knowledge helped older adults to 

handle navigational and search strategies required by the task. The results showed that the 

more previous knowledge participants had, the faster they were processing the first search 

engine page but, on the contrary, the effect of previous knowledge was not significant on the 

mean time spent on all the search engine result pages. However, researchers revealed that 

participants, who had higher previous knowledge also had less tendency to use keywords, 

extracted from the search problem statements in their initial search and the following 

scanning of information.  

Similarly, in a related study (Sanchiz, Chin, et al., 2017) attention was fixated on the 

influence of age, previous knowledge and cognitive skills on performance, query production, 

and navigation strategies while solving information problems. Authors concluded that older 

adults’ previous knowledge may have helped them to create higher comprehensible mental 

representations of the problem, and allowed them to process the concepts involved; 

improving by this way the precision of the expected search. Indeed, previous domain 

knowledge has been demonstrated to influence how students select and evaluate the 
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information, if students have more previous domain knowledge their selections belong to 

more consistent sources (Brand-Gruwel, Kammerer, van Meeuwen, & van Gog, 2017). 

Supporting the above statements, recent research studies have mentioned that a 

limitation of their research is that it does not consider students’ previous knowledge as a 

variable that could influence their findings (Hahnel, Goldhammer, Naumann, & Kröhne, 

2016). 

The findings from the empirical research studies demonstrate that the number of 

studies that focus their attention on how previous domain knowledge could influence the way 

different IPS processes are developed has recently increased. However, few researchers have 

gathered information on how two of the main IPS skills (scanning and processing 

information) may be influenced by students’ previous domain knowledge. There is now a 

clear gap in IPS empirical research that has to be filled by performing studies that can tell us 

how students’ previous domain knowledge could influence scanning and processing 

information skills.  

Therefore, if we want our students to be proficient when scanning and processing 

information on hypertexts, it becomes necessary to support them with previous knowledge of 

the content that they will be working on. It seems that participants with higher previous 

domain knowledge perform better when searching for information (Brand-Gruwel et al., 

2017; Sanchiz, Chevalier, et al., 2017; Wood et al., 2016). 

Last but not least, it becomes appropriate to mention that although students’ gender 

has not been considered an individual factor that comprises general skills, the current 

research study will take into consideration the possible existing differences between the two 

genders in relation to the various individual students’ variables described before as students’ 

initial scientific knowledge, students’ reading skills and students’ ICT skills. 



CHAPTER 2. MAIN ASPECTS THAT CHARACTERIZE THE IPS PROCESS                                64 
 

Available literature on the topic suggests that there might be certain differences 

among both genders in relation to certain individual characteristics.  

Regarding science success, O’Reilly and McNamara (2007) examined how well 

cognitive abilities predicted high school students’ science achievement as measured by 

traditional content-based tests. The content-based science achievement was calculated 

considering students’ comprehension of a science problem, science course mark, and state 

science test punctuation. The results demonstrated that cognitive variables predicted the three 

measures of science achievement mentioned before, but the results also highlighted that there 

were considerable gender distinctions. Regarding the differences that emerged from gender, 

the authors observed that male students scored higher on scientific knowledge and on reading 

comprehension. To be more specific, in terms of the format of questions and differences by 

gender on content-based assessments, males were shown to score higher on both multiple 

choice and open-ended questions than females. 

In the same vein, Halpern et al. (2007) wanted to determine the reasons for gender 

differences in science and mathematics careers. After developing an exhaustive research 

study based on the best available scientific evidence, they concluded that to be successful in 

math and science careers numerous kinds of cognitive abilities were needed. Females were 

found to have a tendency to do extremely well in verbal skills, while males did better than 

females on most measures of visuospatial skills. Consequently, because succeeding in science 

and math involves the capacity to communicate successfully and understand abstract ideas, 

females’ advantage in verbal skills becomes useful in all educational domains, whereas 

males’ advantage in visuospatial skills seems to help them in developing better standardized 

exams in mathematics and science. However, authors concluded that early experience, 

educational policy, biological factors, and cultural context influence the amount of women 

and men who pursue higher studies in science and math and that these effects work together 
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in complex ways, which may perhaps indicate that there are no single responses to the 

multifaceted questions about gender differences in science and mathematics. 

Supporting the conclusion obtained from previous authors, other recent research 

studies, which focused on gender differences and academic achievement, found female 

students to be better than male students in scientific and technological knowledge 

achievement despite the fact that the self-concept of their knowledge on the field of study 

was lower than male students (Sáinz & Martínez-Cantos, 2016; Schoon & Ng-Knight, 2017). 

 2.4. Synthesis 

Over the last few decades, using electronic information technologies for seeking 

information, entertainment, and communication has become an essential part of students’ 

everyday lives as they employ electronic information technologies for both entertainment and 

learning (Hahnel, Goldhammer, Naumann, & Kröhne, 2016) . 

Due to the global and technological world of today, old IPS models are no longer 

enough to describe the process for seeking information. For this reason, the IPS on the 

Internet model presented by Brand-Gruwel et al. (2009) becomes a powerful background to 

describe the procedures that students experience during internet use for educational activities. 

As presented in the current chapter, the IPS on the Internet model describes five key 

procedures (definition, search, scan, process, and present information). The five processes are 

directed by diverse regulatory activities and are qualified by different conditional skills. 

However, recent research studies have questioned the way in which the aforementioned skills 

are used according to the requirements of the task; they suggest that different IPS skills can 

be deployed depending on task demands. Consequently, the three broad avenues have opened 

according to these investigations and their focus of study.   

The first group of research studies has focused their attention on determining the main 

problems that students face when seeking information. From a revision of the main problems 
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highlighted by different researchers, the skills which present more problems when have to be 

developed by the students are defining information and searching for information (Argelagós 

& Pifarré, 2016b; Chevalier et al., 2015; Monroe-Gulick & Petr, 2012; Sanchiz, Chin, et al., 

2017; Şendurur & Yildirim, 2015; Walhout et al., 2017; Walraven et al., 2008; Walraven et 

al., 2010). However, few research studies have paid attention to the problems that the rest of 

the constituents skills of scanning, processing and organizing and presenting information 

(Probert, 2009; Walraven et al., 2008; Raes et al., 2012). Consequently the students may also 

present important problems that have yet to be precisely identified. 

The second group of investigations has focused on finding efficient instructive 

methods that enhance students’ IPS skills (Argelagós & Pifarré, 2012; Frerejean et al., 2016; 

Raes et al., 2012). From an extensive revision of empirical research studies that have 

demonstrated useful instruction procedures for teaching IPS skills, three main principles can 

be extracted. These principles will allow us to define an effective instruction for IPS skills 

improvement in the present research study (organized knowledge base, learning embedded 

with representations in other domains, supported by providing scaffolds).  

The third relevant group of research studies in the IPS field deals with different 

factors that may influence the IPS process. They are: contextual factors, resource factors, and 

individual factors (Lazonder & Rouet, 2008). Because the present research wants to design an 

instructional methodology to improve students’ IPS skills development with regard to 

students’ individual differences, the final part of the chapter deals with the main individual 

differences that may influence the development of students’ IPS skills. From a detailed 

review of empirical research studies on individual factors that shape the method of scanning 

and processing skills, certain studies have demonstrated that reading skills, ICT skills and 

students’ previous knowledge may have specific impacts on students’ IPS skills development 

(Hahnel, Goldhammer, Naumann, & Kröhne, 2016). 
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As has been demonstrated in the aforementioned lines, the IPS as a general process is 

a mature field of study, since numerous research studies regarding the process of seeking 

information have shown to have a deep knowledge on the topic, such as the opened paths 

previously described.  

However, after having gone in depth with the principal open paths of research that can 

be derived from the process of IPS while using the Internet, it is worth mentioning that there 

are still gaps in specific features of the process. For instance, it is still unknown how this IPS 

process is affected or modified by specific characteristics of the IPS process itself or the 

educational context, for example, the epistemology of specific curricular content (such as 

science), the educational level of the students and their previous abilities, or the use of a 

certain educational technology that can be traced in a particular technological environment of 

learning. 

Therefore, the next chapter will describe how, the IPS process while using the Internet 

can be embedded in the curricular content of science through IBL approach. 
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3. IBL to Acquire Science Curricular Contents and Improve IPS Skills 

The current chapter aims to present why an instruction grounded in the IBL model is a 

proper methodology to embed IPS skills development while the curricular contents of science 

are learnt by secondary education students. 

To begin, the chapter starts with a revision of the different teaching and learning 

models that have been used through the years to teach students scientific content. Thanks to 

the review that goes over traditional models and current models of teaching and learning 

science, the evolution of the different models is presented and hence, makes obvious the 

reason why IBL absolutely works with IPS. 

Additionally, because the use of computers and the Internet has produced innovative 

chances for students to learn, the usage of IBL environments in the teaching and learning 

processes of science has demonstrated promising results. Therefore, a detailed review of the 

latest IWBL science environments has been developed in order to select the environment that 

better fits the requirements established in the previous chapter and thus embed IPS skills in 

IBL didactic sequence. 

Finally, recent research studies which have demonstrated outstanding benefits from 

embedding IPS skills instruction in science curricular content through using IWBL model are 

reviewed. This revision will allow us to consider the benefits and drawbacks that researchers 

encountered in order to solve possible future weaknesses of the study developed. 

 

 

 

 

 

 



CHAPTER 3. IBL TO ACQUIRE SCIENCE CURRICULAR CONTENTS AND IMPROVE IPS    70 

3.1. The Transformation of the Teaching and Learning Models of Science before IBL 

As it stated in the previous chapter, today’s global and computerized world has 

quickly changed our society. Since people are expected to manage the emerging information 

and communication technologies, schools have a need to transform the way students learn 

how to respond to the demands of today’s society. The information technology society 

requires new skills, new knowledge, and new forms of learning to provide students with the 

abilities and competencies that will help them achieve success in an uncertain, constantly 

changing environment (Kuhlthau, Maniotes, & Caspari, 2015). 

Over the years, several models of teaching and learning have been suggested to 

provide the most appropriate educational framework in order to help students learn. Joyce, 

Weil and Calhoun (2011) described more than twenty models of teaching and learning based 

on ideas offered by important education theorists. However, our focus will be on the small 

group of these models that seem suitable to science instruction (Wenning, 2011).  

Therefore, briefly described below are some of the educational models that have had 

or still have relevance in the process of teaching and learning science, such as: the 

transmission model, the discovery model, the meaningful reception model, the conceptual 

change model, and the inquiry based learning model. 

Transmission model in science teaching and learning process. For years, the 

transmission model has been the dominant model through which teachers disseminate factual 

knowledge to students using lectures and textbooks. This model of teaching and learning is 

also characterized by using low technology devices, often relying on the use of textbooks and 

workbooks instead of computers. From this traditional model, scientific knowledge is seen as 

a package of finished, objective, absolute, and true knowledge that must faithfully be 

transmitted by the teacher to the students (Campanario & Moya, 1999). 
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Hence, it is purported that students do not need to be active in the teaching-learning 

process. Students are considered a blank sheet of paper on which contents are written, which 

means that the student learns the scientific contents that the scientists know and appropriates 

for their self the same knowledge. In addition, because it does not include student preferences 

or give students opportunities to adopt an active role, direct instruction is extremely teacher-

centered. 

The teachers that implement this model are focused on what they do in their teaching, 

since they assume that students have little or no prior knowledge of the subject they are 

teaching, and they do little more than transmit knowledge to allow the students to have a 

good quality set of notes (Trigwell, Prosser, & Waterhouse, 1999). Consequently, the teacher 

is the dispenser of knowledge, the arbitrator of truth, and the final evaluator of learning. 

Moreover, according to Pozo (1999), the teacher becomes the science's narrator, whose main 

function is to rigorously expose the results of the scientific activity. By this way, the role of 

the teacher is to orally transmit the fixed contents that the students must memorize to later 

pass a standardized test of the knowledge provided.  

Despite the fact that this model has been used for a long time and there are specific 

instances that demonstrate it is usefulness, such as working examples, explicit explanation, 

and test corrections (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011), few studies support this 

model as a generally valid form of the teaching and learning of science since numerous 

disadvantages have been mentioned by several research studies (Dean & Kuhn, 2007). For 

instance according to Kubicek (2005) when students do not construct their own knowledge, 

the knowledge acquired by memorization will not be a lifelong lesson and consequently will 

be forgotten in a short period of time. Moreover, due to the students’ roles as the passive 

receivers of knowledge, their levels of motivation throughout learning drastically decrease. 
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This method also does not promote the students’ critical and reflective attitude (Hanrahan, 

1998). 

Discovery model in science teaching and learning process. In response to the 

various difficulties presented in the transmission model, the discovery model was presented 

by Brunner in the 60’s. In this model the scientific knowledge is in the everyday reality that 

surrounds the students’ lives (Nielsen, 2011). For this reason the students can spontaneously 

access science. From this educational point of view, procedures and attitudes gain relevance 

and the scientific contents lose importance. Science is still a package of knowledge but one 

which is nearer to the student than before, thus the students can find the information needed 

for their own development in and outside the school.  

The way of learning described by this model converts the students into active learners 

that obtain new knowledge by having contact with their reality. As a result, the student is no 

longer a simple receiver of knowledge but starts developing their own critical attitude. This 

fact increases the student’s level of motivation on learning science and the scientific field is 

nearer to the students’ life, which promotes a contextualized learning (Dean & Kuhn, 2007).  

At this point, the role of the teacher is no longer the figure that possesses the 

knowledge to be transmitted. The teacher becomes a resource full of knowledge to be used by 

the student if it is necessary during the students’ process of comprehension of the surrounding 

reality. However, a critical aspect of discovery learning is that it must be teacher assisted; 

without teacher assistance, discovery learning can also result in students becoming confused 

and frustrated (Kirschner, Sweller, & Clark, 2006). Therefore, different authors have 

suggested that efficiently teaching with discovery techniques requires that teachers become 

guides of the students’ knowledge to help them through the teaching and learning process. 

For instance, Alfieri et al. (2011) propose that teachers should provide examples of how to 

complete the tasks to show students the right path to follow or, if students feel lost, they have 
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to explain their own ideas and teachers should assess the accuracy of the idea and provide 

feedback.  

From this model several advantages emerge as compared to the traditional model. For 

instance, early research demonstrated that the usage of the discovery model had positive 

effects on retention of information at six weeks after instruction, versus that of transmission 

model instruction (Ray, 1961). On the same line, Dorier and García (2013) state that the main 

purpose of discovery model learning is to encourage learners’ investigation and cooperation 

with teachers and classmates to acquire knowledge. The knowledge is acquired by being 

actively involved in the learning process, which will become crucial for students to develop 

life-long learning and increase motivation. 

By contrast, some authors state that the discovery model offers the students too much 

autonomy, which means that teachers cannot plan or direct the learning process if they want 

to attend to the students’ interests (Kirschner et al., 2006). Moreover, the contents have a 

secondary value and the students are expected to acquire them by themselves, which 

negatively affects the acquisition of specific scientific knowledge (Campanario & Moya, 

1999; Settlage, 2011). Concurrently, Mayer (2004) emphasizes that unassisted discovery 

learning tasks do not help learners discover problem-solving rules, conservation strategies, or 

programming concepts. However, he recognizes that despite that the pure discovery learning 

lacks structure in nature and hence will not be beneficial for the students’ learning, guided 

discovery may be beneficial. 

Meaningful reception model in science teaching and learning process. After 

different and serious discussions about the science teaching and learning processes and as a 

response to previous criticisms of older models, from the perspective of meaningful learning, 

the meaningful reception model in science learning was unveiled by Ausubel in the 80s, who 

also stated that the teaching and learning process is efficient and durable when learning is 
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associated with students’ existent previous cognitive structures also named previous 

knowledge.  

Hence, science learning is produced when the students’ mental schemes are structured 

and restructured as a result of the relationship between the students’ previous knowledge and 

what another person, such as the teacher, gives as new information by an established formal 

instruction. Coherently, instructional materials are thought to incorporate new knowledge 

with earlier existing information by using associations and comparisons of new and old ideas. 

According to that way of understanding the science teaching and learning process, the 

student has a cognitive structure, with previous ideas and concepts, which will be 

progressively filled in by new scientific concepts. Therefore, the student’s role is to process 

and understand the information presented by the teacher by constructing a network of 

concepts in order to add the new knowledge to the previous concepts acquired. 

With the purpose of facilitating new learning, the teacher is assigned the role of the 

teaching and learning process guide, for which they have to use the students’ previous 

knowledge to successfully connect them with the new concepts that the students must learn.  

However, as has been presented in previous models, the model of meaningful 

reception learning has also been criticized. Despite the main importance in this model is of 

the student cognitive internal structure, the concepts are also transmitted as closed blocks of 

knowledge that have to be properly organized to guarantee the students’ learning (Gil, 1986; 

Pozo, 1999). Moreover, the student is, as happened in older models, the passive receiver of 

the knowledge because he or she internalizes the concepts provided by the teacher. 

Conceptual change model in science teaching and learning process. From the 

weaknesses of the previous model, the conceptual change model emerges during the 80s 

(Posner, Strike, Hewson, & Gertzog, 1982). This model is based on the idea that the 

knowledge is not static because it can change with the pass of the time. Coherent with this 
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statement, during knowledge acquisition is when the old concepts have to be faced to new 

information that may be incongruent with the one previously learned. This will allow students 

to modify their knowledge and thus they will be constantly learning. 

Hence the teacher is responsible for creating cognitive conflicts within the students' 

minds. In these contradictory situations to be faced by the students, students’ previous 

knowledge will play a crucial role. When this confrontation of knowledge occurs, the 

incongruous concepts emerged are named preconceptions or beliefs (Kuhn, 2001). 

Preconceptions will be modified with the passing of the time thanks to the students’ personal 

experiences and environment, teachers’ explanations and instructional materials (Novak, 

2002). For this modification to take place, the students must have an active role in the 

reorganization of their knowledge, whereas teacher has to be aware of students’ conceptions, 

in order to teach in ways that facilitate students’ conceptual change (Hewson, 1992). 

Moreover, according to Hewson (1992), the curriculum must contain not just 

particular theories, but also the foundations for their approval. If teachers cannot justify 

curriculum content to students, teachers must not teach it. The intention of the conceptual 

change teaching of science is not to oblige students to give up their concepts that differ from 

the teacher’s or scientist’s ideas but rather, to assist students in forming the habit of 

challenging one idea with another. 

However, from the conceptual change model specific weaknesses have been 

highlighted. The most outstanding weakness is the surprising close similarity that may have 

to the old transmission model. If students are exposed to situations where it is considered that 

their knowledge is erroneous and that it is always the teacher who has the authority to expose 

the theories accepted by the scientific community, students may reject the science learning 

process.  
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3.2. IBL Model in Science Teaching and Learning Process 

Based on the strong points of the different models presented above, as well as on the 

efforts of science education researchers, numerous science teachers will undoubtedly agree 

that there are emergent features that all science teaching and learning models should contain. 

According to Hassard and Dias (2013), the science process of teaching and learning should 

be active, experiential, constructivist, address prior knowledge, and include cooperative and 

collaborative work among students. Taking into account what has been said, the IBL model 

of science teaching and learning emerges from the combination of the characteristics 

previously mentioned, and even more.  

The inquiry based learning model is a pedagogical method which encourages teachers 

to allow students to get in touch with authentic situations, and to explore and solve problems 

that are similar to real life (Li & Lim, 2008).  

Based on student investigation and hands-on projects, IBL is a teaching model that 

defines a teacher as a supportive figure who provides guidance for students throughout their 

learning process, rather than a sole authority figure. The teacher’s aim mainly consists of 

proposing students real problems from their environment to be solved thanks to the work that 

students do in the classroom. As a result, the learners are active participants full of previous 

knowledge who, by means of exploration, investigation, and observation, can take the 

initiative in the learning process and become involved in more rigorous social interactions. 

They can also gain higher level thinking which allows them to give an answer to different 

real questions emerged (Shih, Chuang, & Hwang, 2010). Answering these questions will 

allow students to acquire new knowledge after having activated and restructured their 

previous knowledge (Mayer, 2004). Moreover, IBL is seen as a model for solving problems 

and involves the application of several IPS skills (Pedaste & Sarapuu, 2006). 
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In summary, the educational models have had a main emphasis on memorizing and 

organizing facts, until the beginning of the 20th century. Luckily, during the discovery 

learning movement of the 1960s, constructive learning theories emerged as a response to 

traditional forms of instruction in which students were required to memorize information 

given (Osborne, 2007).  

Thanks to the constructivists learning theories learning is seen as a dynamic, 

constructive process in which students are logic makers who aim to construct coherent and 

organized knowledge (Mayer, 2004). In view of that, current approaches based on 

constructivist theories succeed in placing the students at the center of the learning process and 

promote students construction of knowledge through the development of general skills of 

inquiry, communication, critical thinking and problem solving (Argelagós, 2012).  

With the intention of successfully implementing the IBL model in a teaching and 

learning situation, various proposals have been presented through the years that have been 

based on the organization of the activity in phases with different purposes. 

Pedaste et al. (2015) pursued to define the different general phases of the IBL model. 

To achieve this purpose the descriptions and the definitions of inquiry phases presented in 32 

articles were analyzed. Researchers concluded that IBL model includes five general inquiry 

phases: orientation, conceptualization, investigation, conclusion and discussion.  

Orientation underlines the importance of stimulating students’ interest and curiosity in 

relation to the problem. Through this phase the learning issue is presented by the 

environment, given by the teacher or defined by the learner (Scanlon, Anastopoulou, 

Kerawalla, & Mulholland, 2011). The central outcome of this first phase is a problem 

statement clearly defined after having recognized the main factors of the field of study. 

Conceptualization is the phase in which certain concepts that belong to the stated 

problem have to be comprehended. The sub-phases of the conceptualization phase are 
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questioning and hypothesis generation. Questioning consists of generating research questions 

about the field of study, while hypothesis generation aims to design possible hypothesis to be 

investigated.  

Investigation is a process where curiosity arises in order to answer the defined 

research questions or hypotheses (Scanlon et al., 2011). Investigation is divided into three 

sub-phases: exploration, experimentation, and data interpretation. Exploration is an organized 

way of developing an investigation with the purpose of finding a relation between the factors 

involved. Experimentation focuses on designing and applying a strategic plan for the research 

with a detailed timeline. At this point, signs for testing a hypothesis will be collected. Both 

sub-phases mentioned encompass the plan and application of the research activities. The final 

sub-phase is an interpretation of the data in order to allow the students the establishment of 

relations among different factors involved.  

Conclusion is the phase where the main findings of a study are identified. At this 

point, the students review the original research questions or hypothesis and consider whether 

these are answered or supported by the results of the research. The result of the conclusion 

phase is a conclusion about the findings of IBL, answering the research questions or 

hypotheses. 

Discussion is the final phase of the IBL process and contains the sub-phases of 

communication and reflection. Communication is a process where students present and 

communicate the findings and conclusions of their research which allows them to obtain 

feedback and comments from others (Bruce & Casey, 2012). Reflection is defined as the 

process of reflecting on anything in the learner's mind about the whole process of IBL. 

Teachers should introduce the IBL model of teaching and learning at the lower grades 

and gradually increase the level of the demand in order to successfully develop students' 

inquiry skills, however it does not always happen in this manner (Banchi & Bell, 2008). 
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Sometimes, students at upper grades are erroneously demanded to perform high levels of 

inquiry for which they may not be prepared and fail in their attempt. This is why the IBL 

model should be gradually introduced in the teaching and learning process in order to make 

the students feel secure with their learning process. Banchi and Bell (2008) suggested that 

there are four levels of IBL in science education: confirmation inquiry, structured inquiry, 

guided inquiry and open inquiry (See Figure 3). 

 

Figure 3. Levels of Inquiry learning 
Adapted from Banchi and Bell (2008). 

 
Level 1 or, Confirmation Inquiry, starts when the teacher teaches particular concepts 

and then facilitates to students different questions and procedures to guide students to 

develop an activity where the results are already known. 

Level 2 or, Structured Inquiry, starts when the teacher provides an initial question and 

a plan of the procedure to be followed, then the students have to formulate explanations of 

their findings through evaluating and analyzing the information that they have collected. 

Level 3 or, Guided Inquiry, starts when the teacher gives just the research question to 

the students, then the students are responsible of designing and following their own 

procedures to then be able to answer the question given. 

Level 4 or, Open/True Inquiry, starts when the students formulate their own research 

question, design and develop a procedure to find the results.  

Confirmation 
Inquiry

Structured 
Inquiry

Guided Inquiry

Open/True 
Inquiry

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 
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In the present research, the level of inquiry demanded to the participants was guided 

inquiry since students were given the research questions and they were responsible for 

designing and following their own procedures to then be able to answer the different 

questions given. 

Having carefully described the main features of IBL it becomes relevant to highlight 

that several research studies support the efficiency of the IBL model as an instructional 

teaching and learning method to learn science (Pedaste et al., 2015). In this branch of studies, 

different analyses have been developed in order to examine the effects of different teaching 

and learning models on students learning achievement.  

 Chu (2009) applied a mixed method design to observe the result of an inquiry project 

developed by students in Hong Kong with the support of numerous instructors. The results of 

the study demonstrated that the students who were taught through Inquiry based learning 

were more motivated and academically successful compared to the control group who was 

taught with the traditional method. Additionally, Alfieri, Brooks, Aldrich, and Tenenbaum 

(2011), also compared the IBL model to different models of teaching and learning, such as 

the transmission or discovery models, and revealed that students who had been instructed 

trough IBL model achieved better learning outcomes at the end of the teaching and learning 

process developed. In the same vein, Furtak, Seidel, Iverson, and Briggs (2012) who 

reviewed the effect of IBL in several studies, concluded that there were more evidences in 

favor of the inquiry approach over traditional instruction.  

In addition, Thoron and Myers (2012) developed a study with students from different 

high schools, to find out the effect that an IBL instruction of agrarian science had on 

students’ scientific reasoning. The results derived from their investigation concluded that 

students who were taught through the IBL instruction demonstrated to have higher scientific 

reasoning than students taught through the subject matter approach. 
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Coherently, the research study carried out by Abdi (2014) examined the effect of IBL 

method on pupils’ academic achievement in sciences classes. A total of 40 fifth grade pupils 

from two diverse groups were implicated in the research. The experimental group was 

instructed through IBL method while the other group was instructed through the traditional 

method. The results showed that pupils who were instructed through IBL reached higher 

score than the students who were instructed through the traditional method. 

The aim of the research study developed by Hairida (2016) was to explore the 

usefulness of an IBL science instruction with authentic evaluation to develop students inquiry 

skills and critical thinking. The results indicated that, after the instruction received, the 

experiment groups scored higher than the control group in inquiry skills and critical thinking. 

Therefore, the researcher concluded that science learning by using IBL instruction with 

authentic assessment was successful to increase students’ inquiry skills and critical thinking. 

In trying to introduce mobile usage into the classroom, Shih et al. (2010) developed a 

mobile research activity that guided elementary students to learn through a social science 

activity with digital support from mobile devices and wireless communications. To assess the 

efficiency of this innovative way of learning, 33 fifth grade students were required to perform 

investigations in the Peace Temple of southern Tainan, an IBL mobile system. Thanks to the 

pre- and post- instruction questionnaires and to observations and focus group interviews, 

descriptive quantitative and qualitative data were gathered and analyzed. The results showed 

significant positive results in terms of the students' learning. To be more precise, the results 

demonstrated that the practices of mobile learning emphasized learning that occurred close to 

students’ real life and provided digital learning contents that facilitated students' field studies.  

As seen above, a positive trend supporting IBL science instruction over traditional 

teaching methods has been found through several research studies (Minner, Levy, & Century, 

2010). Consequently, because the recent results derived from this model of teaching and 
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learning in science education have been successful, educational policies around the world 

consider that teaching and learning processes based on IBL model are crucial in constructing 

a well-educated science community (National Research Council, 2000; European Comission, 

2007). Consequently, it becomes important to study the benefits of teaching and learning 

processes based on the IBL model to further define in more detail its benefits on students 

learning achievement. 

3.3. IWBL Model in Science Teaching and Learning Process 

As we have introduced, IBL can take place with or without technology. Nevertheless, 

if technology is understood as an additional tool for learning it can play an important role in 

developing inquiry based learning and in changing the learning process of different 

educational practices  (Mikroyannidis et al., 2013).  

Presently, the use of computers and the Internet has produced innovative chances for 

the students to recognize major conceptual changes in their process of learning and has also 

allowed other changes that without these new technologies will have been difficult to 

achieve.  

Additionally, the IBL model has increased in popularity in science curricula, 

international research and development projects as well as teaching. One of the fundamental 

explanations is that its success can be significantly enhanced thanks to the latest 

technological developments that allow the inquiry process to be reinforced by ICT (Pedaste et 

al., 2015).  

According to Blumenfeld et al. (1991) there exist six contributions that technology 

can make to the teaching and learning process: 

- Enhance students’ interest and motivation. 

- Provide increased access to information. 

- Allow active representations. 
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- Structure the process with strategic support. 

- Diagnose and correct errors. 

- Manage complexity and aid production. 

Coherently, all of the fundamental properties of ICT can benefit IBL. For instance, the 

huge amount of information presented on the World Wide Web offers students the possibility 

to check several old and recent scientific works on a large amount of scientific topics. This 

opportunity allows students to explore how scientific theories are constructed, shaped and 

polished in the fullness of time. Moreover, social media and further communication 

instruments such as wikis, blogs and emails provide students and teachers the possibility to 

exchange information through synchronous and asynchronous communication.  

These communication tools are a fundamental factor to build scientific learning 

communities that enrich discussion on scientific queries and promote reflection on IBL. 

Kubicek (2005) as well highlighted the importance of technological tools that allow 

developing simulations in IBL. These technological tools can facilitate the experimentation in 

the science teaching and learning process, because teachers can demonstrate the impact of 

different variables used in an experiment, without spending time on setting, cleaning and 

other time consuming procedures in laboratory tasks. 

The ICT mentioned above have been considered in several digital learning 

environments and have demonstrated to facilitate students the possibility to design their own 

research focus, allowing them to develop the scientific inquiry in a more realistic way (Lau, 

Lui, & Chu, 2017). Thanks to the technological advances embedded in digital learning 

environments, researchers have developed the IBL model of teaching and learning in 

technological environments and IBL model has been renamed as IWBL (Mason, Junyent, & 

Tornatora, 2014; Raes et al., 2012; Walhout et al., 2015).  
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Consistently, different research studies have provided evidence of the value that has 

engaging students in IWBL to improve science content understanding. This research studies 

also foresee an optimistic and promising path in the design of learning environments capable 

of increasing students’ digital skills while students improve curricular content understanding 

(Argelagós & Pifarré, 2012). 

To evaluate the effectiveness of IWBL on students learning, Mäeots, Pedaste and 

Sarapuu (2008) investigated how an IWBL environment named IdquoYoung Scientist 

influenced the development of 11-year old students’ inquiry skills. The results derived from 

the pre-and post- test, obtained from 302 students from all over Estonia were statistically 

significant in the specific inquiry skills of: formulating problems, making research questions, 

planning and conducting investigations and analyzing data obtained.   

On the same line, Zhang and Quintana (2012) designed the Digital IdeaKeeper, a 

scaffold software tool to help students engage in IWBL tasks through support for inquiry 

planning, information search, analysis, and synthesis. Their study examined the differences 

between regular and IdeaKeeper-supported IWBL performed. Data obtained from their 

investigation revealed that scaffolding strategies implemented in the software Digital 

IdeaKeeper were effective.  

These results are consistent with the results derived from previous studies which state 

that students taught with IBL environments scored higher on content knowledge assessments 

as compared to students who were taught through traditional methods (Thoron & Myers, 

2012). Since recent research findings expose that web-based inquiry science environments 

can increase students’ learning success as well as several inquiry skills, such as identifying 

problems, formulating questions and hypotheses, planning and carrying out experiments, 

collecting and analyzing data, presenting the results, and drawing conclusions (Mäeots et al., 
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2008). We can conclude that IWBL environments can become a proper tool to design and 

develop the instruction of the present research study. 

3.4. IWBL Environments for Teaching and Learning Science 

Throughout the last two decades numerous virtual learning environments containing 

several digital tools have been created in order to promote IWBL. Despite the fact that a 

majority of these virtual learning environments have not been updated since their projects 

were finalized or their funding ended, it becomes important to revise the key features of each 

virtual IBL environment to further define the most appropriate learning environment for the 

development of the present research study. For this reason, the current section develops a 

revision of the different IWBL environments created with the purpose of designing an 

environment where students could develop several inquiry skills in the science field. The 

most outstanding features of each environment are summarized on Table 5.
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Table 5 
Summary of IWBL environments 
Environment Launch Designer Available Educational principles Inquiry investigations offered Empirical research results 
BGuILE 1995 North 

Western 
University. 

No 1. Structure inquiry around 
explanatory goals. 

2. Embed the structure of theories and 
strategies in the tools used by 
students. 

3. Integrate classroom and technology-
supported learning activities. 

4. Support ongoing reflection. 

4 closed investigations 
(Tuberculosis Lab, Animal 

Landlord, Florida Panther and 
Galapagos Finches). 

Students are successful at giving 
reasonably and justified explanations 

to the evidence obtained. 
Students become better at describing 

evolutionary explanations. 

The Progress 
Portfolio 

1997 North 
Western 

University. 

No 1. Encourage reflective inquiry by 
promoting students’ creation and 
documentation of their investigative 
process. 

Did not offer specific 
investigations, since required 

other investigation 
environments. 

Teachers effectively use the tool to 
promote aspects of reflective inquiry. 

Students received support to their 
reflective inquiry in collaborative 

learning. 

WISE 1997 Berkeley 
University. 

Yes 1. Make science meaningful for 
students. 

2. Support diverse learners. 
3. Be IWBL environment accessible to 

all. 

More than 20, plus the 
possibility of users own 

creation. 

Students increase their understanding 
of the science. 

 

Geniverse 2010 Concord 
Consortium. 

Yes 1. Support experimentation by 
immersing students in a game-like 
environment. 

2. Design a learning environment 
where active learning occurred. 

3. Support critical thinking. 

1 investigation with four 
ascending levels. 

Students’ learning content is 
considerably better than in the 

comparison to the students who learn 
in the usual group. 

nQuire 2007 Open 
University. 

No 1. Create engaging and effective 
inquiry based learning activities in 
distance learning environment. 

2. Help students understand the role of 
collaboration and user communities 
to support IBL. 

2 kinds of missions 
(Confidential missions and 
Social missions), plus the 
possibility of users own 

creation. 

Students have higher levels of 
motivation and interaction. 

Students are better at demonstrating 
their growing understanding of 

inquiry. 

 Lets’GO 2008 Linnaeus 
University 

and Stanford 
University. 

No 1. Provide educational activities and 
technological supports to bridge the 
gap between collaborative scientific 
inquiry and data capture from 
environmental settings. 

5 pilot trials. Students’ commitment to conduct 
scientific inquiries and analyses in 

innovative ways increases. 



CHAPTER 3. IBL TO ACQUIRE SCIENCE CURRICULAR CONTENTS AND IMPROVE IPS                                                                                                       87 

SCY 2008 Consortium 
of 12 

partners. 

No 1. Represent learners’ knowledge 
creation processes in the form of 
emerging learning objects. 

2. Develop pedagogical scenarios to 
favor individually and 
collaboratively work to solve 
missions. 

4 missions (CO2 friendly 
house, ECO, Canteen Cuisine, 

forensic). 

Students develop a great variety of 
postures when deciding using ELO. 

Students take critical postures against 
other-generated final products. 

WeSPOT 2012 European 
consortium. 

No 1. Structure inquiry through the 
creation of a European reference 
model for inquiry. 

2. Use a diagnostic instrument to 
measure students’ inquiry skills. 

3. Use smart support tools to organize 
inquiry workflows. 

4. Integrate social media and viral 
marketing of scientific inquiry. 

8 scenarios (The Food Safety, 
Breeding program, 

Investigation of Earthquakes, 
Classroom under sails, Energy 
Efficient Buildings, School of 

the future, From idea to 
patent, 

Economic complexity). 

Experienced participants with digital 
technologies have more opportunities 

to develop other skills related to 
Critical-Creative Thinking and 

Scientific Reasoning. 
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Biology Guided Inquiry Learning Environment (BGuILE). BGuILE was 

developed from 1995 to 2002 by the North Western University, located in Illinois, supported 

by the National Science Foundation and funded by the James S. McDonnell Foundation. This 

learning environment presented different guided investigation activities in which middle and 

high school students had to construct empirically-supported explanations from a rich base of 

primary data. The different investigation activities provided the students with: an 

investigation context, access to the primary data, and support tools for analyzing the data and 

synthesizing explanations. Furthermore, informal and structured discussions were combined 

during all the activities’ development in order to provide opportunities for students’ reflection 

and for sharing and critiquing ideas (Tabak et al., 1995).  

There were four main principles that guided the design of this web learning 

environment were four. The first principle was to structure inquiry around explanatory goals 

by allowing students to generate strategic artifacts representing conceptual and epistemic 

properties. The second principle consisted in embedding the structure of theories and 

strategies in the tools that students use and the artifacts they create. These tools included: 

tools to structure students’ explanation, tools for access and analysis of data, tools to 

explicitly represent the students commitments and investigations focused on producing 

inquiry products that represent casual explanations. The third principle consisted in 

integrating classroom and technology-supported learning activities by creating previous 

activities to enable students to practice before the core investigation. The fourth and final 

principle was to support ongoing reflection within the structure of the learning activities by 

using reflective tools integrated into the environment used by the students (Reiser, Smith, 

Sandoval, & Leone, 2001). 

Considering the principles mentioned, the BGuILE environment offered four different 

investigations around biology issues that encouraged students to develop them through 
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IWBL. The Tuberculosis Lab was the first unit and encouraged students to carry out 

simulated experiments on injures of Tuberculosis to examine how antibiotics have an effect 

on bacteria and how bacteria can become resistant to antibiotics. Second unit was the Animal 

Landlord and allowed students to explore differences and connections among animal 

behavior examples by studying certain issues such as predation, rivalry and social groups. 

The Florida Panther was the third unit. Its main purpose was to help students to learn about 

speciation and the use of scientific investigations for policy choices, while at the same time 

students were required to assess recovery strategies to save the endangered Florida Panther. 

The last unit presented was Galapagos Finches and provided students with an environment to 

learn about natural selection by investigation into how a drought affects the animal and plant 

populations on Galapagos Island. 

Thanks to the creation of this learning environment, different empirical studies of 

students and teachers using BGuILE technology embedded in classroom curricula were 

developed (Sandoval & Reiser, 1997; Smith & Reiser, 1997; Smith & Reiser, 1998; Tabak et 

al., 1995; Tabak, Smith, Sandoval, & Reiser, 1996).  

Smith and Reiser (1998) focused on the results regarding the products that students 

produced thanks to the BGuILE environment, which suggested that students were successful 

at giving reasonable and justified explanations of the evidence obtained. For instance in the 

Animal Landlord unit, students gave different explanations to the trees of predation behavior, 

and they were able to justify their model from the analyses of data and classroom discussions. 

Moreover, their reflections drove them to more complex issues in animal behavior not 

incorporated in secondary education textbooks.  

Smith and Reiser (1997) centered their attention on students’ conceptual and strategic 

understanding. The results obtained suggested that there existed an intense type of 

engagement in describing hunting behaviors in the Animal Landlord predation unit because 
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the post-test included justified reasons derived from the behavioral ecology theoretical 

framework, rather than from common sense asserts. Coherently, Sandoval and Reiser (1997) 

stated that high school students working with the Galapagos Finches unit become better at 

describing evolutionary explanations, as judged by their performance on pre-tests and post-

tests. However, they also concluded that they had only moderately achieved in helping 

students comprehend the rhetorical features of constructing scientific justifications, since 

students did not appear to recognize the significance of explaining the importance of numbers 

used as proof. In addition, students did not always use universal criteria for scientific work in 

their personal justifications, omitting evidence for affirmations several times using the reason 

that seemed to them reasonable and realistic. 

The Progress Portfolio. The Progress Portfolio was developed from 1997 to 2011 by 

researchers from North Western University located in Illinois. This learning environment 

aimed to help students to conduct inquiry projects on computers by allowing them to 

document and reflect on their work and communicate results. Data was obtained by using a 

diversity of integrated tools, such as: screen capture, annotation, organization and 

presentation. Additionally, teachers could employ the Progress Portfolio to guide students in 

their investigation thanks to the elaboration of prompts and templates that supported students 

when thinking about key issues of their investigation (Loh, Radinsky, Russell, & Gomez, 

1998).  

The most important principle that directed the design of this learning portfolio was to 

encourage reflective inquiry by promoting students’ creation and documentation of their 

investigative process. To do so, the portfolio had spaces to develop reflective conversations 

around the investigations carried out, with the intention to help students connect the obtained 

results with previous knowledge. 
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Considering the key principle mentioned, The Progress Portfolio offered several tools 

to allow students to develop reflective inquiry (Loh et al., 1997). For instance, the data 

camera tool was useful to capture screenshots of students’ work. Other relevant tools were 

the basic drawing or text tools which were used by students to annotate or customize the 

pages for different kinds of investigations by adding and removing text and picture fields. 

Finally, the presentation tool supported communication by allowing students to create slide 

presentations of their captured pages. 

As did not happen with other IBL environments, the Progress Portfolio always 

worked in conjunction with other investigative environments such as simulators, data 

checker, and digital libraries. On one hand, the investigation environments provided students 

with tools for exploring content matter, and on the other hand, the Progress Portfolio 

provided tools to document, organize, and communicate about the investigation. 

As a result of the design of this learning environment portfolio, diverse empirical 

studies of students and teachers using The Progress Portfolio embedded in classroom 

curricula were developed (Kyza, Golan, Reiser, & Edelson, 2002; Loh et al., 1998; Loh et al., 

2001). 

Taking into consideration that the Progress Portfolio was designed to support 

reflective inquiry when students were required to share their investigation procedures, a pilot 

study developed by Loh et al. (1998) offered evidence that teachers could effectively use the 

tool to promote aspects of reflective inquiry, and that students could benefit from its use, 

which was later confirmed by the research study developed by   Loh et al. (2001) who 

explored the role of reflective inquiry using the Progress Portfolio across multiple projects 

throughout a school year. 

Consistently, Kyza et al. (2002) also stated that the Progress Portfolio tool could 

support reflective inquiry in collaborative learning environments in science, and in particular, 
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demonstrated how it could support one of its aspects which is self-regulated learning in a 

collaborative learning situation.  

Web-based inquiry science environment (WISE). WISE is an environment which 

was launched in 1997 by Berkeley University and supported by the National Science 

Foundation. Despite being created in 1997, it is currently available and allows teachers to 

create free IWBL science projects with durations from two days to four weeks that are 

addressed to middle school and high school students.  

There were three main principles that guided the design of this web learning 

environment were three. The first principle was to make science meaningful for students. For 

this reason, WISE units present students challenging science contents through personally and 

socially relevant topics. The structure of each unit designed values the conceptions that 

students carry with them and aids them to join new contents gained their own individual 

experiences by integrating their conceptions into a logical comprehension of science. The 

second principle consisted of supporting diverse learners, which is why WISE design offers 

teachers a variety of tools, activity patterns and instructional scaffolds that allow multiple 

ways of expressing and assessing comprehension to take place. The third principle focused 

their attention on making a learning environment accessible to all. Therefore, WISE is a free 

and open source which survives thanks to the generosity of the National Science Foundation. 

This means that anyone with internet connection can bring science inquiry into the classroom 

or home environment. 

Considering the principles mentioned, the WISE environment offers more than twenty 

pre-designed units which cover different science contents, that are present in the middle and 

high school education curricula. All the units designed make use of diverse content from the 

World Wide Web which helps students learn to use the Internet for inquiry, evaluating Web 

sites, or contrasting points of view (Linn, Davis, & Bell, 2004).  
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WISE units can also integrate flash models, forums that make easy online debates, 

data gathering, drawing, java applets, concept mapping and other fixed components. In 

addition, the learning environment is browser-based. This means that the students who want 

to work with WISE only need access to a computer with an Internet connection to work on 

the unit selected. Then, the work done by the students is saved on the student account and 

they can access again to the work done from any computer with Internet. It also means that 

teachers can choose from the WISE library the unit that they want to work on with their 

students, in addition to having extra material such as a detailed lesson plan, pre and post 

assessments, among others. Moreover, teachers can supervise and mark student work in real 

time, offer formative feedback during a unit run, and control their student accounts.  

Additionally, WISE’s easy to use interface makes it possible to create new units, with 

the same technology-based components and opportunities mentioned before. By this way, 

teachers and researchers can design, if they need to, the units of knowledge they want to work 

on new scientific contents. However, if no units want to be designed, several units regarding 

different fields of study can be found. For instance, units can encourage students to design 

solutions to different problems (e.g. constructing a desert residence that is warm at night and 

cool throughout the day), to explore scientific phenomena (e.g. thermal balance in the 

classroom), to discuss current science controversies (e.g. the causes of declining amphibian 

populations), or to criticize scientific statements found in the web sites (e.g. arguments for 

life on another planet). 

WISE environment has been used in middle and high school classrooms for more than 

twenty years in several school districts of the United States of America. Research results have 

shown that WISE units improve students’ learning of difficult science contents and that 

students continue integrating their ideas and strengthen their understanding even after the 

units have been accomplished. Furthermore, several research studies have stated that WISE 
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activities help students integrate ideas about complex science topics while also developing 

lifelong learning skills (Chiu & Linn, 2014; Slotta & Aleahmad, 2009). 

Coherently with previous research studies results, Varma & Linn (2012) designed a 

technology-enhanced curriculum module in WISE environment in order to examine middle 

school students’ understanding of the greenhouse effect and global warming. More precisely, 

the module activities encouraged IWBL since students were first required to conduct virtual 

experiments with a visualization of the greenhouse effect. Then they had to analyze the data 

obtained and drew conclusions about how individual variables effected changes in the Earth’s 

temperature. The results demonstrated that participating in the unit increased students’ 

understanding of the science. 

Geniverse. Geniverse was born in 2010 by the Concord Consortium and it is 

currently available for free. The Concord Consortium began the exploration of the genetics of 

virtual dragons with the GenScope project led by Paul Horwitz in 1992, followed by 

BioLogica in 1998, and then GENIQUEST in 2007. With Geniverse, elements of gaming 

were added to create an engaging approach for learning genetics, which converted Geniverse 

into a learning environment where middle school and high school students can discover 

heredity and genetics of virtual dragons by doing experiments, looking at the data, drawing 

careful conclusions, and then testing these conclusions by carrying out more experiments.  

There were three main principles that directed the design of this web learning 

environment. The first principle was to support genetics experimentation by immersing 

students in a game-like environment which simulated a fictional world of dragons. Once 

immersed in the environment, students were challenged to sort out the genetics of these 

mythical organisms through simulated experiments that generated realistic and meaningful 

genetic data. The second principle was to design a learning environment where active rather 

than passive learning occurred, involving the students in their own learning process. Based on 
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this principle, when students enter in the learning environment for the first time, they are 

assigned the role of the protagonist of the story and are responsible for saving the ill dragons. 

The third principle was to support critical thinking in writing about genetics by providing 

students structured missions which gradually demanded them to reflect on the results 

obtained after their interactions.   

Considering the principles mentioned, the Geniverse environment offers an attractive 

story that generates an authentic framework for students to dive into genetics investigations. 

It encourages students to use virtual dragons to investigate the essential mechanisms of 

heredity and genetic illnesses. The story requires students to join a brave character on a 

mission to heal a precious dragon. By this way, students take on the role of a character 

studying genetics and navigating through a series of cases comprising the genetics content of 

Geniverse. As students complete the challenges put before them, they generate their own 

experimental data, in order to later publish the findings obtained following the scientific 

method of argumentation, supporting their claims with evidence and reasoning.  

The missions were classified over four categories of ascending level. The first mission 

was named “training” and consisted of five cases that dealt with mendelian traits (dominant 

and recessive alleles) and meiosis contents. The second mission was named “apprentice” and 

also included five cases to be solved by learning about more difficult contents such as X-

linkage, polyallelic traits and protein synthesis. The third mission was named “journeyman” 

and like the two preceding missions also contained five cases which dealt with complex 

multigenic traits and incomplete dominance. The last mission was named “master” and 

contained three different, challenging cases which encouraged students to learn about 

combined patterns of inheritance and genetic disease. 

Every case included one or more challenges designed to address a particular trait and 

its pattern of inheritance. The increasingly complex challenges demanded students to 
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comprehend and apply more complicated genetics concepts as they advanced into the story 

with the intention to achieve the final purpose. The software gave instant, formative feedback 

on performance assessments, awarding stars depending on the efficiency of producing the 

target dragons. 

Thanks to the construction of this learning environment, empirical studies of students 

and teachers using Geniverse embedded in classroom curricula have recently been developed. 

For instance, Wilson et al. (2018) involved 48 high school teachers and about 2000 

students in a quasi experiment research that studied the substitution of existing high school 

biology genetics lessons with Geniverse during a period of 6 weeks. The results pointed out 

that when Geniverse was employed, as the designers of the virtual environment anticipated, 

students’ learning of genetics content was considerably better than the students who learned 

genetics in the usual group. Nevertheless, a broad variety of levels of Geniverse 

implementation showed no considerable variation among the groups as a whole. Students’ 

skills to employ scientific explanation and argumentation were better in the Geniverse group, 

but these differences were not statistically significant. In addition, survey, interview and 

observation data revealed a variety of obstacles to implementation and researchers suggested 

that teachers’ instructional decisions may have influenced student results. 

nQuire. The nQuire platform was released in 2007 by The Open University in 

partnership with the BBC and is still available. This learning environment encourages 

students to take part in different types of missions which will allow them to explore the 

surrounding world. Each mission has a question that can only be solved with the students 

help. To answer the initial question students are given instructions about what to do. Once the 

mission is completed the students receive feedback on their contribution. 

There were two main principles that directed the design of this web learning 

environment. The first principle was to create engaging and effective IWBL activities in a 
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distance learning environment. The second principle was to help students understand the role 

of collaboration and user communities to support IWBL. 

Considering the principles mentioned, the nQuire environment offers two kinds of 

missions. The first are the confidential missions can be found which are composed by surveys 

to discover more about students’ selves (e.g. What’s your Chronotype? mission). The overall 

results of each confidential mission are then published on the nQuire platform, but students’ 

personal data is never shown or shared. The second kind of missions is social missions which 

are open explorations of the students’ world. Students can see and discuss each contribution, 

and the data obtained is available for anyone to view and download (e.g. Noise map mission). 

Despite these two types of missions mentioned, nQuire missions can also be employed to 

develop individual or group work inquiry activities because different parts of the inquiry 

process can be performed at different class levels. Furthermore, the web-based approach 

presented in the environment can integrate several devices (smart phone, netbook, PC) and 

does not require continuous connectivity (Mulholland et al., 2012). 

Thanks to the design of this learning environment, several research studies of students 

and teachers using nQuire embedded in classroom curricula have been lately performed. 

In the research study accomplished by Kerawalla et al. (2013)  it was concluded that 

nQuire was an effective tool to support teachers' and students' understanding of the nature of 

inquiry. It was also shown to help them design and put into practice inquiries of their own. 

More precisely, nQuire was used to evaluate how a teacher and a group of 12 to 13 year old 

students adopted nQuire as a tool to construct a coherent inquiry experience over time. Data 

obtained confirmed that students' usage of nQuire supported their understanding of the 

inquiry process, since students increased their cognitive engagement in data analysis and 

demonstration. Moreover, authors stated that nQuire supported the students in collecting and 
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incorporating recent understandings across contexts and over time. Hence it can be concluded 

that nQuire successfully supported the students' learning paths. 

Villasclaras-Fernandez, Sharples, Kelley and Scanlon (2013) used the nQuire 

environment to develop citizen inquiry, an innovative way to engage students in practical 

scientific activities that has similarities to IBL and to citizen science. The resulting data stated 

that the incorporation of scientific tools was successful and that the nQuire environment is 

appropriate to perform citizen inquiries. In addition, the evaluation of the results 

demonstrated higher levels of motivation and interaction between inquiry participants.  

The creators of the nQuire environment have stated that in the future anyone will be 

able to propose a new mission and run it for people around the world to contribute. However, 

all missions will be checked before they go live, to make sure they are safe and legal. As a 

mission author, people will become a citizen scientist who engages members of the 

community to take part in experiments and surveys. 

Learning Ecology through Science with Global Outcomes (Lets’GO). Lets’GO 

was born in 2008 by Linnaeus University and Stanford University and was partially funded 

by Wallenberg Global Learning Network, Intel Research, Pasco and National Geographic 

Society. This learning environment aimed to develop, implement, research, and scale a new 

paradigm to foster collaborative student learning in environmental science (Maldonado, 

Perone, Datoo, Franz, & Pea, 2013). Therefore, sensors for data capture, participation 

structures for students’ collaboration, mobile inquiry, and evidence visualization tools were 

integrated to generate science learning collaborations among students, teachers and scientists. 

The central principle that founded the design of this learning environment was to 

provide students with educational activities and technological supports that help them to mix 

collaborative scientific inquiry and data capture from environmental settings near to their 

schools. Therefore, the authors designed engaging activities and provided teachers and 
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learners with a new environment, rich in opportunities for scientific experimentation, systems 

thinking and conceptual change via cyclical scientific inquiry (Pea et al., 2012). 

Since the beginning of the project five pilot trials have been conducted with students 

from 14 to 18 years old from two different schools. Two main publications state the chief 

outcomes from pedagogical and technological perspectives. Spikol, Milrad, Maldonado, and 

Pea (2009) focused their interest on how to start a co design procedure collectively with 

teachers, researchers, scientists and designers so as to plan and develop mobile science 

collaborations that support open IWBL in ecology education. The results obtained on their 

research pointed in the direction of the need for further methods to support co design taking 

into consideration future user experiences required for developing and implementing these 

kinds of learning activities. 

Additionally, Vogel, Spikol, Kurti, and Milrad (2010) paid special attention to the 

technical efforts corresponding to the design and execution of mobile and web applications 

that incorporated sensory data employed to sustain IWBL in the scientific field. The results 

obtained pointed towards the potential benefits of using mobile technologies with real time 

data and visualizations, to augment students' commitment while they conduct scientific 

inquiries and analyses in innovative ways. 

Science created by you (SCY). SCY environment was developed from 2008 to 2012 

by a consortium of 12 partners (University of Twente, Joseph Fourier University, Duisburg-

Essen University, University of Bergen, Fraunhofer Institute for Intelligent analysis and 

Information,  Systems IAIS, University of Cyprus, University of Turtu, De Praktijk, Stichting 

Technasium, ENOVATE and Ontario Institute for Studies in Education) from 7 different 

countries (Nederland, France, Germany, Norway, Cyprus, Estonia and Canada) and funded 

by the 7th framework program in the European Commission.  
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This learning environment encouraged students from 12 to 18 years old to embark on 

missions that could be completed through constructive and productive learning activities 

which required a combination of knowledge from different domains such as physics, 

mathematics, biology or engineering. SCY provided a flexible and adaptive support for the 

different activities through pedagogical scaffolds, collaboration facilities, as well as peer 

assessment and social tagging tools. The final products elaborated by learners were stored in 

a repository and could be reused by other students (de Jong et al., 2010). 

There were two main principles that guided the design of this web learning 

environment. The first principle was the representation of learners’ knowledge creation 

processes in the form of emerging learning objects. During activities related to science and 

technology, learners created elements of knowledge such as collection of data, models of 

phenomena and conjectures, among others that allowed them to later develop further growth 

of their knowledge. The second principle was the development of advanced pedagogical 

scenarios where students worked individually and collaboratively on different missions. 

These missions were guided by a general socio-scientific question and required a 

combination of knowledge from different domains to achieve the answer of the question. To 

do so, students encountered multiple resources and performed several types of productive 

learning actions. 

Considering the principles mentioned, the SCY environment offered different 

working scenarios where students could create, share, discuss and reuse learning objects. The 

working scenarios had the necessary tools for the students to answer the questions presented 

in different missions. To solve the different missions, students had to learn about science 

topics in the context of addressing socio-scientific problems. The initial environment 

designed offered four missions (de Jong et al., 2012). 
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The CO2 friendly house mission was the first SCY mission to be created. This 

mission encouraged students to describe how domestic CO2 emission occurred and how it 

could be controlled. To achieve this, students had to take into account materials and energy 

supply which required them to acquire knowledge on physics and mathematical knowledge. 

The students’ final product was a 3D drawing of their house and an accompanying report that 

gave the justification of their design selections. 

The SCY ECO mission was developed for learning about issues related to biology and 

ecology. The chosen issues allowed students to discover real life problems that appeared in 

different areas of Europe. This mission made students aware about how human beings have 

seriously changed their environment. Therefore, students had to discover natural processes to 

understand how every person could have a positive effect on saving our environment for the 

future. 

The Canteen Cuisine mission dealt with the need for healthy meals at school canteens 

around the world. Since children in Europe and the United States eat more food products high 

in sugar, salt, and fat than they did thirty years ago, health problems including obesity, 

diabetes, high blood pressure, high cholesterol, heart disease and other diet-related problems 

have increased. Therefore, the purpose of the Canteen Cuisine mission is to engage students 

in active practices related to the canteen cuisine of their school. Students’ final product is to 

create a healthy pizza for their school canteen while taking into consideration the nutritional 

value of the ingredients, the human digestive system, diet-related health issues and daily 

exercise.  

The forensic mission involved students in an investigation to find a criminal offender. 

Students had to identify the techniques they will use to analyze DNA or ink samples, 

elaborate or justify their experimental procedure, carry out real experiments, and analyze 

their results. To achieve this purpose, students dealt with knowledge related to DNA 



CHAPTER 3. IBL TO ACQUIRE SCIENCE CURRICULAR CONTENTS AND IMPROVE IPS  102 

(universality, organization, series of nucleotides), biological techniques (constraint enzymes, 

electrophoresis gel, DNA profiling), chemistry (solvent, solution, solubility), chemical 

techniques (chromatography, identification and separation techniques), and mathematics 

(frequency, probability). The final product was a report for the lawyer that will help to solve 

the case. 

Thanks to the creation of this learning environment, different research studies were 

developed during the years that the project was active. The investigations focused their 

attention on discovering how SCY technology was embedded by students and teachers in 

classroom curricula (de Jong et al., 2012). The main purposes of the developed studies were: 

to identify the emerging learning objects (ELO) produced by the students as essential to the 

learning process, to stimulate the usage of ELOs as sharable and reusable objects and to 

introduce the ELOs as a source for e-portfolios and peer assessment.  

An opening study took place in two schools located in France. From each school two 

classes of 15 year old students were involved. The study was developed in the mission named 

the CO2 friendly house. The 18 students of each class were divided into ‘expert groups’ and 

‘design groups’. The results demonstrated that there were small discrepancies among the 

diverse probable answers offered by each group, which could be explained by not giving 

enough to students when they were asked to justify the decisions taken. The information 

extracted from the research study allowed the researchers to modify the learning environment 

in order to provide students with clearer assignments and constraints for the work in groups 

so that ELO were better justified. 

A second study took place in a class of nine fourth graders in the Netherlands. The 

study tried to discover how students used the work of their peers to improve their own 

learning. The study was developed in the mission named the CO2 friendly house. First, 

students were asked to create a concept map to represent the previous knowledge of the main 
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topic of the mission. Then, students were given the opportunity to improve their concept 

maps on the basis of the knowledge acquired through mission work two times. The results 

presented three main conclusions. First, stated that there was a great variety in the extent of 

students’ ELO. While some students completely ignored additional generated final products 

as a possible learning resource, others copied and pasted parts of other final product into their 

own work. Second, various students had ethical objections against using other created ELO 

since constructing work from classmates is seen as a socially undesirable behavior even when 

it is recommended to do so and when students are assured that no negative consequences 

should be expected. Furthermore, various students did not recognize other ELO as a helpful 

resource. Third, students took critical postures against final products generated by others. 

The SCY environment offered students the possibility of sharing results and ideas, 

which is an important benefit of networked communities. In educational design, teachers 

determine educational scenarios that can be (re-)used, exchanged and modified at a later stage 

by another teacher which is, without a doubt, a positive way of construct learning. 

Working Environment with Social Personal and Open Technologies (WeSPOT). 

WeSPOT was developed from 2012 to 2015 by a consortium of nine partners (the Centre for 

Learning Sciences and Technologies, the Knowledge Media Institute, Knowledge 

Technologies Institute, the Human-Computer Interaction Lab, the Centre of Information 

Society Technologies, the Innovation in Learning Institute, the Institute of Applied and 

Computational, the eXact learning solutions and the Institute for symbolic analysis and 

development of information technologies) from nine European countries (Nederland, United 

Kingdom, Austria, Belgium, Bulgaria, Germany, Greece, Italy, Slovenia) and funded by the 

ICT European Commission.  

This learning environment wanted to propagate scientific inquiry as the approach for 

science learning and teaching in combination with today’s curricula and teaching practices. 
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At the same time everyday life was linked with science teaching in schools by technology. To 

achieve this purpose, different scenarios were presented to learners from 12 to 25 years old 

who took on the roles of explorers and scientists. They were motivated by their personal 

curiosity, guided by self-reflection and developed knowledge through personal and 

collaborative reasoning (Mikroyannidis et al., 2013). 

There were four main principles that guided the design of this web learning 

environment. The first principle was to structure inquiry through the creation of a European 

reference model for inquiry skills and inquiry workflows. The second principle was to use a 

diagnostic instrument for measuring students’ inquiry skills. The third principle consisted in 

the usage of smart support tools for orchestrating inquiry workflows including mobile apps, 

learning analytics support and social collaboration on scientific inquiry. The fourth and final 

principle focused on social media integration and viral marketing of scientific inquiry linked 

to school legacy systems and an open badge system (Protopsaltis et al., 2014). 

Considering the principles mentioned, the WeSPOT environment offered eight 

scenarios that dealt with different science curricula topics where students had to gain science 

knowledge through IWBL activities. The designed activities demanded students: to select 

among given questions and post new scientific questions, to collect certain data, to formulate 

explanations from evidence, to link areas and sources of scientific knowledge and to 

communicate explanations based on scientific reasoning.  

The first scenario, Food Safety, proposed that students become chemical engineers 

and food scientists able to find solutions to problems with plastics contaminating food. In 

order to solve the given problems, students had to learn about material properties, food 

chemistry and chemical reactions.  

The second scenario, the Breeding Program for Endangered Species, asked students to 

become experts on animal breeding and genetics able to operate internationally to solve 
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problems within breeding endangered species. To achieve this, students had to design and 

evaluate breeding programmes, understand genetic variation and establish biological 

relationships.  

The third scenario, Investigation of Earthquakes, required students to become 

explorers of earthquake magnitude, wave amplitude and energy release. They also had to map 

and analyze historical earthquake data and seismogram displays from various sources. To 

accomplish the objective, students had to understand elementary statistics and elaborate a 

comparison of earthquakes in terms of size, location distribution and occurrence frequency.  

The fourth scenario, Classroom Under Sails, asked students to simulate going on a trip 

across the Atlantic Ocean to explore the environment (water, air, physics on board, 

astronomy) to later develop a personal project. Because each student developed their own 

project, different contents of the curriculum where involved such as sea life, substances in the 

water, physics on board and volcanism, among others.  

The fifth scenario, Energy Efficient Buildings, demanded students become energy 

experts able to identify disadvantages of a building from energy-efficiency point of view. 

They also had to predict future energy problems considering different type of materials and 

new energy resources keeping in mind ecology.  

The sixth scenario, School of the Future, asked students to provide research on 

changes they would to in the school of the future. This scenario allowed students to take 

different directions to design a virtual classroom, introduce new ICTs in education, describe 

students relationships, propose new educational approaches, suggest ways of lifelong 

learning, among others.  

The seventh scenario, From Idea to Patent, encouraged students to reflect on the 

environment that surrounds them and determine some of the most pertinent problems. In 

order to become inventors and decide what could be changed or what could not. To reach this 
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goal, students had to identify problems in their nearby environment, select the problem to be 

solved, brainstorm possible solutions, select the most appropriate solution and inquire into 

existing technical solutions.   

The eighth scenario, Economic Complexity, asked students to investigate how 

countries with high economic complexity index can be used for faster economic and social 

developments. Therefore, students were required to analyze data on economic complexity, 

interpret collected data, compare economical environments of different countries and assess 

the impact for economic and social development. 

Thanks to the creation of this learning environment, different empirical studies of 

students and teachers using WeSPOT technology embedded in classroom curricula were 

developed (Mikroyannidis et al., 2013). 

Okada, Serra, Ribeiro and Pinto (2015) developed a qualitative study on central 

abilities for co-learning and co-inquiry in the digital age. The method applied was cyber-

ethnography with asynchronous observation (forum and wiki) and synchronous discussions 

(webconference) to analyze the abilities developed by a co-learning community in two open 

platforms: the educational environment EDUCARED and WeSPOT. The results revealed that 

the EDUCARED environment led to the development of more explicit digital literacies, 

possibly because it was a simpler and familiar interface (forum). And in the WeSPOT 

environment, experienced participants with digital technologies had more opportunities to 

develop other skills related to Critical-Creative Thinking and Scientific Reasoning. 

3.5.IWBL to Improve Students’ IPS Skills 

Numerous studies mention that IWBL is viewed as an approach to 

solving problems and for that reason involves the application of several problem solving 

skills (Pedaste & Sarapuu, 2006). Coherently, prior research studies have provided evidence 

that it is possible to progress IPS skills by actively involving students in their own learning as 
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constructors of knowledge (Chu, Tse, & Chow, 2011; Wang, Ke, Wu, & Hsu, 2012). 

According to that fact, a significant amount of research conducted in different domains and 

with different outcome measures largely demonstrate support for the better effectiveness of 

the constructive approach over the traditional didactic approach (Hmelo-silver, Duncan, & 

Chinn, 2007).  

Hutchison and Colwell (2014), who examined empirical research to illustrate digital 

tools potential to transform instruction, stated that students are able to achieve significant 

knowledge, and form ideas and products by constructing their own learning as the IBL 

suggests. IWBL is viewed as an approach to solving problems and for that reason involves 

the application of several problem solving skills (Pedaste & Sarapuu, 2006). Coherently, 

despite the small amount of literature published on the relationship among IWBL and IPS 

skills, certain studies have analyzed the role of IPS skills in supporting students’ inquiry and 

the use of IWBL to develop IPS skills. 

Based on studies that have analyzed the role of IPS skills in supporting students’ 

inquiry, the research study developed by Gehring and Eastman (2008) focused the attention 

on employing the use of IWBL to improve and study information literacy skills in an 

undergraduate Developmental Biology course. In this study, an information literacy tutorial 

and a set of linked tasks using primary literature investigation were incorporated with two 

inquiry-based laboratory research projects.  

Regarding the results obtained from the investigation developed three main 

conclusions could be extracted. First, the quantitative analysis of student answers 

demonstrated that the capabilities of students to locate and apply valid sources of information 

were better. Second, the qualitative evaluation exposed a set of patterns by which students 

gather and use information. Third, self-assessment answers revealed that students related 
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their tasks development success with their capabilities to gather and use information, which 

allowed them to be more confident about these capabilities for future biology courses. 

Furthermore, regarding the role of IPS skills in supporting students’ inquiry, Mazella 

and Grob (2011) developed an information literacy instruction in collaboration with an 

inquiry-driven course for English students. The main objective of this instruction was to bring 

students’ information gathering and critical thinking skills up to a disciplinary level. Students 

were asked to complete a series of increasingly complex special collections assignments to 

practice working among archival items, electronic databases, and conventional print works. 

The results demonstrated that the collaboration among literacy instruction and the inquiry 

driven course became essential to achieving their goal of imparting a more advanced, 

comprehensive, and disciplinary version of information literacy to students. 

Reasonably, Hepworth and Walton (2009) mention that teaching information literacy 

for IBL is extremely beneficial to those who teach or train people and need to develop 

systematic ways of using information sources and tools to help them participate in IBL. In 

addition, their book presents an interesting debate between IBL and the relationship with IPS, 

and suggests some detailed examples of IBL for IPS development. Although, they do not 

offer empirical data relating to the practical implementation of the strategies suggested.  

A small number of examples of IBL for the development of IPS have been developed. 

For instance, Argelagós and Pifarré (2012) developed an empirical study which consisted of 

an investigation of the effects on the development of IPS skills in a long term instruction 

based on IWBL. The results suggested that the variable students demonstrated a more skilled 

pattern than the control students concerning the constituent skill of defining the information 

problem and the two web search sub-skills of search terms typed in a search engine and 

selected results. Additionally, data of tasks performance was statistically superior in variable 

students than in control group students.  
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Mason et al. (2014) examined the efficiency of a short-term instructional intervention 

with high school students. The students who received instruction had the chance to apply 

declarative knowledge in a basic inquiry task on the topic of the probable damage attributable 

to mobile phones. The results from the study demonstrated that students who received the 

instruction performed better than the others in the inquiry task of the instructional context and 

in the transfer inquiry task. Among the different changes observed, instructed students were 

characterized by having a more suitable navigation behavior, a better source assessment, and 

a deeper comprehension of the consulted information. 

Gasque (2016) presented a review of the literature on the development of curriculum 

based on the research process of IWBL in terms of information literacy. After formulating 

some hypotheses to explain the lack of studies on this topic and recommending further 

research on the topic, it was concluded that IWBL allow better integration of information 

literacy content. This is because it provides more meaningful learning since encourages 

students’ reflection, allows students to be the protagonists of the learning process, and 

stimulates learning how to learn. 

3.6. Synthesis  

As mentioned earlier, over the years, several models of teaching and learning science 

have been suggested with the purpose of providing the most appropriate educative framework 

in order to help students to learn. However, based on the strong points of the different models 

mentioned before as well as on the efforts of science education researchers, numerous science 

teachers agree that the IBL model of science teaching and learning contains certain crucial 

characteristics that a model needs to succeed at the present time.  

IBL can take place with or without technology. Nevertheless, technology can play a 

particular role in sustaining IBL and in changing the learning process (Mikroyannidis et al., 

2013). That’s why several inquiry based learning environments have emerged during the last 
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decades. However, after having analyzed the main features of the most recent outstanding 

learning environments designed to encourage students develop inquiry, it can be concluded 

that WISE is exceptionally appropriate, because facilitates educators the design of curricular 

activities focused on knowledge integration through inquiry activities. The huge amount of 

tools presented in WISE scaffold the students’ learning process with programmed scores that 

generate knowledge integration guidance. Also, these tools support teachers by letting them 

monitor student development and offer their individual guidance to certain students if 

necessary. 

Another specific feature that supports WISE as one of the best learning environments 

analyzed is the huge amount of WISE projects already designed which address a wide range 

of science, mathematics, and engineering topics. A relevant strength is that WISE has an 

authoring language that is extremely simple to employ which permits authors to create new 

activities of knowledge as well as modify existing units to new frameworks. This fact is 

chiefly essential because previous research studies show that when teachers modify their 

units founded on the answers of their students, the next group of students performs better 

(Gerard, Varma, Corliss, & Linn, 2011). 

In the end, it is important to highlight that between 2011 and 2017 over 10,000 

teachers and 80,000 students joined the WISE community from several locations around the 

world (Linn, Eylon, Rafferty, & Vitale, 2015). In addition, different researchers also have 

used WISE to carry out systematic investigations to answer central questions concerning the 

most successful manner to design inquiry instruction (Raes, Schellens, De Wever, & 

Vanderhoven, 2012; Williams, Debarger, Montgomery, Zhou, & Tate, 2012). 

Numerous studies state that IWBL involves the application of several valuable 

problem solving skills, which fits perfectly with the approach of the current research. 
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4. Concluding Remarks of the Theoretical Framework 

The last chapter that closes the theoretical framework of the present investigation 

aims to synthesize the most important theoretical lines that underpin current research study. 

As previously mentioned, the present information and knowledge of this century has 

brought people into a situation where information plays a crucial part and people are expected 

to be able to manage the overload of information successfully (Becerril & Badia, 2015). 

Therefore, for several years, IPS has been a relevant focus of research around the world 

(Behrens, 1994). Nevertheless, with the rapid emergence of the Internet in the last decades, 

this process of seeking for information has changed, being renamed as IPS-I-model (Brand 

Gruwel et al, 2009).  

Additionally, students today are immersed in technology and are almost always 

connected through a smart phone, tablet, or laptop (Gómez & Badia, 2016) which means that 

they are constantly exposed to an overload of online information. However, this does not 

mean that they have the declarative and procedural knowledge to access, and evaluate 

electronic sources when seeking information on an unfamiliar topic. Consequently, it 

becomes crucial to equip our students with the necessary skills to deal with IPS. 

Considering the current framework, numerous research studies have been undertaken 

which have sought to gain a deeper knowledge on the IPS field. From an exhaustive revision 

of what has been done until today, three main research lines can be drawn on the field of 

study of IPS: problems students face when developing the IPS process, effective teaching and 

learning methods focused on IPS skills acquisition, and factors that influence IPS process.  

In modern education, when students have to learn a new concept, it becomes crucial 

to build upon from their previous knowledge, which implies discovering at the same time 

which are the main weaknesses or misconceptions that students present when developing the 

learning process. To do so, an important amount of research studies have dealt with the 
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detection of the main problems that students face when seeking for information on the 

Internet. From the five constituent skills of the IPS process, previously described, the two 

first ones, named defining information and searching for information, are the ones which 

have been detected to be more problematic for students, although they have also been the two 

skills in which researchers have paid more attention during the years (Walraven, Brand-

Gruwel and Boshuizen, 2010). Because few research studies have paid attention to the 

remaining constituent skills of scanning, processing, and organizing and presenting 

information, it becomes pertinent to carefully explore them in more detail. This intention may 

bring to light different problems which have not been identified yet, but which may be as 

important as the difficulty that students’ present when writing the information found in their 

own way, since they frequently copy and paste the information located to give a correct 

answer to the informational problem given (Raes et al., 2012). 

Once a first research line has focused on detecting which problems students’ may face 

when developing IPS process, other researchers have made an effort to find an optimal 

instruction method to help students in the acquisition and mastering of the IPS skills. The 

obtained results from prior studies confirmed that teaching IPS had a positive impact on the 

development of the students’ skills and content knowledge construction. From these effective 

research studies, three main principles have been extracted because they have been 

demonstrated to provide successful results on IPS learning process. They are: present IPS as 

an organized knowledge base, embed the instruction in other domains, and support the 

instruction by using technological scaffolding. All three agree with the findings of the recent 

investigation made by Frerejean et al. (2019) who demonstrated that students have improved 

in IPS development after the instruction received. 

Hence, considering the previously mentioned principles, it becomes decisive when 

designing an efficient IPS instruction that the three of them will be the bases of the 
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instruction designed based on the present research. Conversely, despite the fact that not many 

research studies have taken into account students individualities when designing IPS 

instruction, as happens in our daily life, we live establishing relations with people who 

present differences of personality, of interests, of previous knowledge, among others. These 

specific characteristics which create our person can already be appreciated from the very 

beginning of our lives, as can be seen in our schools. Therefore, when developing an IPS 

instruction we also have to consider that each student is special and unique and for this reason 

an instruction which may be extremely useful for some students may not have the same effect 

on others.  

The purpose of considering students individualities for a more concrete IPS 

instruction addressing student diversity is not an easy task, since there are many factors 

which might affect the IPS task development. Lazonder and Rouet (2008) distinguished 

among contextual factors, individual factors and resource factors. The ones which more 

closely concern the students’ individualities are the ones named individual factors, which 

research has demonstrated to have an important weight on student’ development of different 

IPS skills.  

According to research studies which have tried to describe the effect of certain 

students’ individualities on IPS task the most outstanding ones on the IPS process have been 

three: reading skills (Salmerón et al., 2017), ICT skills (Hahnel, Goldhammer, Naumann & 

Kröhne, 2016) and students’ previous knowledge (Sanchiz, Chevalierf & Amadieu, 2017). 

Furthermore, if the attention is on the effect that these individualities have on the two 

constituent skills in which the present research is focused, which are scanning and processing 

information skills, several relations can be established.  

For instance, regarding the reading skills, Salmerón et al. (2017) stated that expert 

readers scanned faster and consulted sections of the hypertext that did not have important 
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information fewer times, particularly in integrated questions type, which coincided with 

Hahnel, Goldhammer, Naumann and Kröhne (2016) who mentioned that students who were 

skilled in reading linear texts were predictabed to comprehend and transmit important 

concepts offered on the hypertexts.  

Concerning the ICT skills influence on both IPS skills mentioned, Coiro (2011) 

suggested that students ICT skills were indispensable prerequisites for functional digital 

reading since the results obtained showed that students with ICT skills were better at locating 

information from hypertext. Rohatgi, Scherer, and Hatlevik (2016) also mentioned that self-

efficacy in basic ICT skills was positively related to computer and information literacy 

achievement. 

Dealing with the last group of students' individualities highlighted, Wood et al. (2016) 

revealed that the combination of high search expertise and high previous domain knowledge 

produced the most effective searches in view of the fact that students with higher previous 

domain knowledge used the sites more systematically, which is closely related with Kim and 

Hannafin (2011) findings, who mentioned that students who have less previous knowledge 

were  more limited to effectively performing different problem-solving processes.  

Considering that previous research studies have tried to demonstrate the influence that 

certain students’ individualities have on the IPS process development the present research 

study has been designed to precisely describe how close this relationship might be. 

Before ending this chapter, it becomes indispensable to emphasize the main reasons 

that have led the current investigation to conclude that IWBL model is a proper methodology 

to embed IPS skills development while the curricular contents of science are learnt by 

secondary education students.  

To start with, despite the fact that several models of teaching and learning science 

have been suggested to provide an appropriate educational framework to help students learn, 
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IBL is seen as a distinctive pedagogical method because it encourages students to get in touch 

with authentic situations, and to explore and solve problems that are similar to real life (Li & 

Lim, 2008). Consequently, the IBL model has been the one which has most increased in 

popularity in science curricula. Another important reason which might explain its 

attractiveness is that its success can be significantly enhanced thanks to the latest 

technological developments that allow the inquiry process to be reinforced by ICT (Pedaste et 

al., 2015). As detailed before, these technological tools frequently used on the Internet have 

renamed the model as IWBL. 

Different research studies have provided evidence concerning the value of students 

engaging in IWBL to improve science content understanding and state that there is an 

optimistic and promising path in the design of instructional processes which help progress 

students’ content understanding when using web information (Argelagós & Pifarré, 2012).  

This huge potential of IWBL has shown the fact that during the last two decades 

numerous virtual learning environments containing several digital tools have been created in 

order to promote IWBL.  Despite the fact that, unfortunately, numerous research 

environments have not been updated since the projects ended or the funding finished, 

research findings based on the different learning environments built demonstrate that web-

based inquiry science environments can increase students’ learning success as well as several 

inquiry skills (Mäeots et al., 2008).  

Coinciding with what previous authors said, Hepworth and Walton (2009) also 

mentioned that teaching information literacy for IWBL is outstandingly beneficial to those 

who teach people and need to develop systematic ways of using information sources and 

tools to help them participate in IWBL. These facts allowed us to conclude that IWBL 

environments are a proper tool to design and develop the instruction of the present research 

study.  
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Argelagós and Pifarré (2012) coincide with this conclusion since the data obtained by 

them stated that the development of IPS skills in a long term instruction based on IWBL had 

positive effects on instructed students, who demonstrated to have a more skilled pattern than 

the control students concerning the constituent skill of defining the information problem. 

From the broad range of web-based inquiry science environments that have been 

offered to be used by the educational community during the past years, only two of them are 

still available to be used for free. Of the two available ones, the one which better fits the 

current investigation was the one which allowed teachers and researchers the possibility of 

users own creation and design. This feature was crucial to design a didactic sequence were 

science curricular contents were worked on while at the same time IPS skills instruction was 

embedded considering the three principles above mentioned. 

To conclude this chapter, it is worth mentioning that although the potential growth of 

research studies on the field of IPS has been widely acknowledged; more research is needed 

to design appropriate guidelines in schools, which help the educational community to use the 

Internet and new technologies as tools for students to develop properly the process of IPS. In 

consequence, the purpose of the present research is to explore in depth the relation between 

certain students’ individual characteristics and students’ performance of scanning and 

processing information skills through an instruction developed on a science IWBL 

environment called WISE. 
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5. Research Design 

This study aims to understand the effectiveness of an IPS instruction embedded in an 

IWBL environment on secondary education students while considering certain individual 

characteristics, for this reason, design-based research (DBR) becomes the most appropriate 

research methodology to be used in the current research study. DBR can be defined as a 

research methodology designed by and for educators which aims to transfer obtained results 

of education research into improved practice (Anderson & Shattuck, 2012). The basic process 

of DBR involves developing interventions in order to solve educational problems emerging in 

different educational practices. Then, the interventions are put into practice with the intention 

of analyzing whether they work properly to establish new theories useful for designing new 

educational processes, instructions or educational reforms.  

Numerous research studies have used DBR methodology in the learning sciences field 

of study. For instance, Ketelhut, Nelson, Clarke and Dede (2010) developed an investigation 

based on a scientific inquiry-based project funded by the National Science Foundation, which 

aimed to introduce scientific inquiry into a standards-based curriculum by using a three-

dimensional virtual learning environment. The results obtained revealed that the instructional 

approach meets the project objectives since participants acquire social competencies in the 

virtual medium that can be applied in the real world. 

With the purpose of analyzing the influence on students’ knowledge on illnesses and 

health as well as on students’ level of expertise in scanning and processing information skills 

performance after the instruction developed on the IWBL environment, a Pre- Post- test will 

also be employed. The results obtained will allow comparisons to be made regarding the 

evolution made by the participants of the study. 

Regarding the techniques used to collect data, it is worth considering the special 

emphasis made among the research community on using quantitative and qualitative methods 
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together. Examining different perspectives of a phenomenon, which means triangulation of 

the results from diverse data sources, enriches the quality of the research developed. Hence, 

in order to improve the current available knowledge on students’ problem-solving processes 

different techniques such as log-files, thinking-aloud protocols and different previous and 

post tests are used.  

 5.1. Research Objectives 

Before going deeper into the research objectives of the present investigation, it is 

important to highlight that each of them is designed considering the IPS skills explained in 

Figure 1 and the potential factors that affect the IPS detailed in Figure 2. 

As previously mentioned, numerous studies have identified that student from primary 

school to postgraduate need to learn information literacy skills. Moreover, according to the 

research available on the current field of study, certain students’ individual characteristics 

might have an effect on students’ development of IPS skills. However, less is known about 

studies in which students’ individual characteristics are analyzed to establish relations among 

certain informational problem solving cognitive processes with the aim of overcoming 

possible difficulties that students might face. Therefore, the purpose of the present research is 

to analyze the relation among certain students’ individual characteristics and students’ 

performance of scanning and processing information skills through an instruction developed 

on a science IWBL environment called WISE.  

The exhaustive literature review achieved on the theoretical framework of this 

research has been crucial to design an effective didactic sequence that promotes in students a 

gradual development of certain IPS skills in an attractive and IWBL environment. 

Furthermore, in order to achieve the main purpose of the research the point of view has also 

been focused on collecting information about certain specific students’ individual 

characteristics. The information collected includes: students’ prior domain knowledge on the 



CHAPTER 5. RESEARCH DESIGN                                                                                                   121 
 

topic of illnesses and health, students’ ICT skills, students’ reading skill and students’ 

personal information (year of birth, gender, high school to which the students belong to and 

academic achievement). 

In order to facilitate preciseness in the area of interest, the present research study has 

analyzed two specific IPS skills: scanning information and processing information. This 

precision made the main objective of the present research challenging, because research 

studies that pay attention to how students’ individual characteristics can influence the way in 

which two specific skills of the process of IPS are developed, are scarce. 

Students’ individual characteristics have been carefully analyzed in order to establish 

possible relations between the time devoted to the development of scanning and processing 

information skills, and the quality of the skill performance. On the one hand, the quality of 

the development of the scanning information skill has been measured taking into account the 

type of scanning used and the amount of time spent scanning for useful and unnecessary 

information. On the other hand, to analyze the quality of the processed information the 

correctness of the answers given by the students and the way that have been answered as well 

as the time devoted to answer each task has been measured. 

From the main purpose of the present research, several specific objectives are 

developed: 

1. To determine if there are any differences between the two genders in relation to 

the different individual students’ variables.   

2. To determine the relations established among students’ individual characteristics 

and students’ performance when scanning information. 

3. To determine the relations established among students’ individual characteristics 

and students’ performance when processing information. 
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4. To determine the relations established among students’ scanning information skill 

performance and students’ processing information skill performance in different 

types of tasks.  

5. To identify the difference among the students’ initial and final learning 

performance. 

6. To describe the main differences in students' performance of scanning and 

processing information skills in each type of final task, according to students’ final 

science knowledge profile. 

Figure 4 shows how the different variables of the study are related in order to ensure 

the achievement of the different specific objectives previously established. 

Objective 1 aims to determine if there are any differences between the two genders in 

relation to the different individual students’ variables.  Students’ individual variables 

considered in the present investigation are the ones that deal with students’ high school, 

students’ year of birth, students’ initial scientific knowledge, students’ reading skills and 

students’ ICT skills. 

Objective 2 aims to determine the relations established among certain students’ 

individual characteristics such as: students’ scientific knowledge, students’ reading and 

students’ ICT skills, and students’ performance when scanning information. 

Objective 3 complements the previous objective mentioned since it aims to determine 

the relations established among certain students’ individual characteristics and students’ 

performance when processing information. 

Objective 4 aims to determine the relations established among students’ scanning 

information skill performance and students’ processing information skill performance in 

different types of tasks. 
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Objective 5 aims to identify the difference among the students’ initial and final 

learning performance considering both students’ scanning and processing information 

performance and students scientific knowledge which will allow us to value the effectiveness 

of the instruction developed. 

Objective 6 seeks to describe the main differences in students' performance of 

scanning and processing information skills in each type of final task, according to students’ 

final science knowledge profile, which will allow us to identify the main differences that 

emerged during the process.  

The objectives derived from the main purpose can be summarized on Figure 4.
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Figure 4. Research design map. 
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INITIAL 
SCIENCE KNOWLEDGE 
- Handling isolated information. 
- Connecting concepts and ideas. 

- Developing conceptual frameworks. 

INITIAL IPS 
PERFORMANCE 

- Scanning skill. 
- Processing skill. 

STUDENTS’ PREVIOUS KNOWLEDGE 

READING SKILLS 
- Information retrieval. 

- Information integration. 
- Text reflection of content and form. 

ICT SKILLS 
- Information literacy. 

- Internet literacy. 
- Computer literacy. 

INITIAL SCIENCE KNOWLEDGE 

GENDER 
MALE                                             FEMALE 

 

HIGHSCHOOL 

FINAL 
SCIENCE KNOWLEDGE 
- Handling isolated information. 
- Connecting concepts and ideas. 

- Developing conceptual frameworks. 

FINAL IPS 
PERFORMANCE 

- Scanning skill. 
 
 

- Processing skill. 

STUDENTS’ LEARNING OUTCOMES 

YEAR OF BIRTH 

1 

2 3 5 

STUDENTS’ PROFILE 
6 4 
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5.2. Curricular Context of the Study 

According to the Organic Law 8/2013, for the Improvement of Educational Quality in 

Spain, Compulsory Secondary Education also named Educació Secundària Obligatòria (ESO) 

is the educational stage of four courses that is taught to students from 12 to 16 years old. 

Along with early childhood education and primary education it completes basic compulsory 

education. The areas of knowledge of this stage in the Balearic Islands are: biology and 

geology, physics and chemistry, geography and history, Spanish language and literature, 

Catalan language and literature, mathematics, first foreign language, fine arts, visual and 

media education, music, technology, classical culture, introduction to entrepreneurial and 

business activity and second foreign language.  

In order to assure the proper development of the teaching and learning practices of the 

different subjects at the autonomic level, the Decree 34/2015 from the 15th of May 

establishes the curriculum of Compulsory Secondary Education in the Balearic Islands.  

The curriculum for Compulsory Secondary Education in the Balearic Islands is 

organized considering the following curricular elements: objectives, key competences, 

contents, evaluation criteria, assessable learning standards and didactic methodology.  

Consistent with the core elements of the curriculum mentioned any didactic sequence 

designed during Secondary Education has to consider them. Therefore, for the didactic 

intervention derived from the present research, a curricular concretion in the subject of 

biology is developed for the third grade of ESO. 

First, objectives are defined as benchmarks related to the achievements that the 

students must achieve when finalizing the educational process, as a result of the teaching-

learning experiences intentionally planned for this purpose. Apart from those which are 

considered through the whole educational stage of Secondary education, each area of study 
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determines certain specific objectives to be achieved during the development of the area of 

knowledge. The specific objectives for biology and geology are can be found on Table 6.  

Table 6  
Objectives of biology and geology area 
Objectives 
1 To understand and use the basic strategies and concepts of biology and geology to interpret natural 

phenomena and to analyze and evaluate the repercussions of scientific and technical development and the 
applications of this development. 

2 To apply, in the resolution of problems, strategies typical of the sciences, such as the discussion of the 
interest of the problems raised, the formulation of hypotheses, the development of resolution strategies 
and experimental designs, the analysis of results, consideration of the applications and repercussions of 
the study carried out and the search for global coherence. 

3 To understand and express scientific information using the correct oral and written language by 
elaborating and interpreting diagrams, graphics, charts, figures, maps and other models of representation 
to be able to communicate the findings in the field of science. 

4 To obtain information on scientific topics using different sources, including ICT, and evaluate their 
content to base and guide work on these topics. 

5 To adopt critical attitudes based on the knowledge of biology and geology to analyze scientific issues 
individually or in a group. 

6 To develop attitudes and habits that are favorable to the promotion of personal and community health and 
to facilitate strategies that allow us to face the risks of today's society in aspects related to food, 
consumption, drug addiction and sexuality. 

7 To understand the importance of using the knowledge of biology and geology to meet human needs and 
participate in the necessary decision-making about local and global problems. 

8 To know and value the interactions of science and technology with society and the environment, as well 
as the need to seek and apply appropriate solutions to advance towards sustainability, paying attention to 
the problems with which humanity is faced today, especially those that most directly affect the Balearic 
Islands. 

9 To recognize the provisional and creative nature of biology and geology, as well as the contributions they 
have made to human thought throughout history, and appreciate the importance of those in overcoming 
dogma and causing scientific revolutions that have marked the cultural revolution. 

10 To understand and value the natural heritage of the Balearic Islands and be aware of the need to conserve 
and manage it in a sustainable way, as well as the importance of promoting it and, where appropriate, 
participating in initiatives aimed at preservation. 

11 To acquire knowledge about the natural and socio-cultural elements of the environment of the Balearic 
Islands and other geographic areas of wider scope and use them to base values, attitudes and behaviors 
favorable to the conservation of resources and the improvement of environmental quality. 

Source: Decree 34/2015 from the 15th of May. 

The objectives for biology and geology mainly covered during the didactic sequence 

designed for the present research are the objectives number: 2, 3, 4, 5, and 7. 

Secondly, key competences are defined as the capabilities to apply the contents of the 

educational stage in an integrated manner in order to carry out activities properly and solve 

complex problems effectively. The 7 key competences defined by the current educational law 

in Spain are the ones detailed on Table 7. 
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Table 7  
Seven key competences description 
Competence Description 
Linguistic 
Communication  

This competence is defined as the ability to communicate within particular social 
practices, in which the individuals interact with other interlocutors orally and through 
written texts in multiple modalities and formats. 

Mathematics, Science 
and Technology  

This competence is defined as the ability to use and relate numbers, basic operations, 
symbols and forms of mathematical expression and reasoning. It involves the ability to 
apply mathematical thinking and mathematical tools to describe, interpret and predict 
different phenomena in context. 

Digital  This competence is defined as the ability to use information and communication 
technologies in a creative, critical and safe way, in order to achieve the objectives 
related to work, learning, use of free time, and inclusion and participation in society. 

Learning to Learn  This competence is defined as the ability of lifelong learning taking place in different 
contexts, both formal and non-formal ones. This competence is characterized by the 
ability to start, organize and persist in learning. This requires the ability to feel 
motivated to learn, and the need to foster organization and learning management. 

Social and Civic  This competence is defined as the ability to use the knowledge and attitudes towards 
society, in order to interpret social problems in diverse contexts. It implies building 
responses, taking decisions and solving conflicts, as well as interacting with other 
people and groups according to norms based on mutual respect and democratic 
convictions. 

Sense of Initiative 
and Entrepreneurship 

This competence is defined as the ability to transform ideas into actions. It means 
becoming aware of the situation to be solved, know how to choose, plan and manage 
their knowledge, and the necessary skills or abilities and attitudes with self-criteria, so 
as to achieve the desired objective. 

Cultural Awareness 
and Expression 

This competence is defined as the ability to know, understand and appreciate the 
different cultural and artistic demonstrations, using them as a resource of enrichment 
and personal enjoyment, and considering them as part of peoples’ wealth and heritage. 

Source: Decree 34/2015 from the 15th of May. 

Though the seven competences must play a crucial role in each area of knowledge, the 

didactic sequence designed for the current research has focused its attention on improving 

mainly two of the seven key competences, which are: learning to learn competence and 

digital competence.  

Thirdly, the contents are the set of knowledge, abilities, skills and attitudes that help 

achieve the objectives of the stage and acquire competences. The contents are ordered into 

subjects, which are classified in subjects and fields. The contents of biology and geology that 

must be covered through the third level of Secondary Compulsory education can be divided 

into 7 blocks of content that together compose the contents to be achieved during the 

Secondary Education stage (See Table 8). 
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Table 8  
Blocks of content from biology and geology area for third of ESO 
Block  Title Description 
Block 1. Scientific 

methodology. 
This block is transversal throughout the course and promotes the techniques 
of scientific work (research, selection and interpretation of scientific 
information and the realization of simple experimental works). 

Block 2. The Earth in the 
Universe. 

The purpose of this block is to develop the knowledge of the Earth and to 
situate, in the whole of the Universe in general and the solar system in 
particular, the internal structure of this planet and the flowing layers that 
surround it, as well as the main types of minerals and rocks that make up it. 

Block 3. The biodiversity on 
Earth. 

This block is dedicated to the study of the functions and general 
characteristics of living things and the cell as a basic element in the 
constitution of them, as well as the knowledge of the five great realms of 
nature. 

Block 4. People and health. In this block, the anatomy and physiology of the human body are studied, the 
main diseases that affect it and the healthy habits that contribute to 
preventing them. 

Block 5. The land relief and 
its evolution. 

This block addresses the study of the constant changes suffered by the earth's 
relief as a consequence of the joint action of the external and internal 
energies that affect our planet. 

Block 6. Ecosystems. This block includes the study of the components of an ecosystem and the 
main types of ecosystems, as well as the most common factors that 
destabilize them and how to avoid them. 

Block 7. Research project. This block includes the design, realization and exhibition of a team research 
project related to the subject of one of the blocks set out above. This block 
can be treated transversally throughout the course. 

Source: Decree 34/2015 from the 15th of May. 

The current research will develop a didactic sequence where contents from Block 4, 

named people and health, will be worked on. 

Fourth, once having carefully defined the main curricular features that compose what 

the students should achieve in this area of knowledge, the curricular features that consider the 

process of evaluation arise. On the one hand, evaluation criteria are the specific reference to 

evaluate the learning of the students. They describe what they want to value and what the 

students must achieve, both in knowledge and in skills. They respond to what is intended to 

be achieved in each subject. On the other hand, assessable learning standards are 

specifications of the evaluation criteria that allow us to define the learning outcomes and 

which specify what the student must know, understand and do in each subject. They must be 

observable, measurable and evaluable and must allow teachers to measure the performance or 

achievement gained. Its design should contribute and facilitate the design of standardized and 

comparable tests. 
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The contents worked on during the didactic sequence have been extracted from the 

Block 4 of contents, which is named: People and health. For that reason, in order to 

coherently assess the achievement of the aforementioned curricular features, from an 

educational point of view, Table 9 specifies the evaluation criteria and assessable learning 

standards taken into account when designing the learning environment of the study. 

Table 9  
Evaluation criteria related to assessable learning standards for Block 4 of contents 

Evaluation criteria Assessable learning standards 
1. To discover, based on the knowledge of the 

concepts of health and illness, the factors that 
determine them. 

1.1. Discusses the implications that are beneficial for 
health and justifies with ambiguous the choices 
that it does or can do to promote it individually 
and collectively. 

2. To classify diseases and assess the importance of 
lifestyles to prevent them. 

2.1. Recognizes the most common diseases and 
infections and relates them to the causes that 
cause them. 

3. To determine the most common infectious and 
non-infectious diseases that affect the population, 
the causes that cause them and how they can be 
prevented and treated. 

3.1. Distinguishes and explains the different 
mechanisms of transmission of infectious 
diseases. 

4. To identify healthy habits as a method of 
preventing illnesses. 

4.1. Describes habits of healthy living and identify 
them as a means to promote their health and that 
of others. 

4.2. Proposes methods to prevent infection and the 
spread of the most common infectious diseases. 

5. To determine the basic operation of the immune 
system, as well as the continuous contributions of 
the biomedical sciences. 

5.1. Explains what the immunity process consists in 
and evaluates the role of vaccines as a method of 
preventing illnesses. 

6. To recognize and convey the importance of 
prevention as a common practice and integrated 
into their lives and the positive consequences of 
donating cells, blood and organs. 

6.1. Details the importance of the donation of cells, 
blood and organs to society and to the human 
being. 

Source: Decree 34/2015 from the 15th of May. 

All the evaluation criteria defined with the different assessable learning standards 

have been considered when designing the IPS instruction embedded in the didactic sequence 

related to people and health. 

The last curricular feature to be defined is the didactic methodology which can be 

described as a set of actions, strategies and procedures organized and planned by the teachers, 

in a conscious and reflective way, in order to enable the learning of the students and the 

achievement of the objectives set. 
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As detailed before, the current research study was embedded in the biology and 

geology lessons of third of ESO students. Therefore, the next section will precisely define the 

main features of the methodology used in the instruction designed. 

5.3. WISE Learning Context  

Various previous research studies have provided evidence that it is possible to 

improve IPS skills and individual learning in a technology environment by implementing 

appropriate questions and reflection prompts that cause students to activate key cognitive 

processes to solve the learning task (Mason et al., 2014). Furthermore, some effective 

embedded instruction research studies in secondary education have revealed a positive impact 

on learning different aspects of IPS (Argelagós & Pifarré, 2012; Britt & Aglinskas, 2002; 

Raes et al., 2012). Therefore, IPS skills might be acquired by embedding them within a 

relevant and meaningful context with a view to improving the learning process of a 

knowledge field. For these reasons, the instruction designed in the present research will be 

developed by using WISE. WISE4 is the educational online platform used to develop the 

instruction on IPS embedded in the curricular content of illnesses and health. 

Thanks to the endless possibilities that the WISE platform offers, the didactic 

sequence designed was characterized by the following educative principles: 

- Stimulate students to pay explicit attention to the various steps that have to be 

taken during the IPS process by offering them a clear and organized 

knowledge base.  

- Encourage students to connect the IPS process knowledge acquired with 

concrete experiences and with representations in other domains. 

- Embed the IPS process training in science curricular contents about illnesses 

and health. 
                                                           

4WISE platform is a free, open source curriculum platform with tools for authoring, grading, and monitoring 
student progress: https://wise.berkeley.edu/ 
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- Promote students’ development of inquiry learning tasks in an IWBL 

environment to better solve IPS tasks. 

- Support students’ learning process by providing them initial reminders and 

metacognitive questions to make them reflect about the IPS and 

simultaneously scaffold the task development for them in the IWBL 

environment. 

The different learning tasks that students developed during the didactic sequence were 

carefully designed considering the theoretical and methodological contributions of other 

studies previously mentioned on the theoretical background of the present research.  

The initial session of the didactic sequence was created to stimulate students to pay 

explicit attention to the various steps that have to be taken in IPS and to the way in which 

these steps can be used flexibly in different situations (see Figure 5). In order to achieve this 

purpose, the students had to watch different videos that demanded them to reflect on different 

questions presented, allowing them to connect the organized knowledge base acquired with 

similar representations that refer to personal experiences and with representations in other 

domains (see Figure 6). These connected, rich representations will make learning outcomes 

durable, flexible and generalizable (Walraven et al., 2010). 

In the following sessions, the organized knowledge base on IPS presented to the 

students was used to solve six different real situations by allowing them to significantly 

construct their own learning while they developed inquiry based activities (see Figure 7). At 

the same time, prompts appeared to help students’ while using a specific IPS skill. 

The final session was devoted to allowing students to individually face a new real 

problem solving task which required them to apply all the previous knowledge learned and 

practiced (see Figure 8 and 9). 
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Figure 5. Screen shot of the activity 2.2. of the initial session. 

Which are the rules 
to play chess? 

 

What is the 
penicillin? 

Which is the 
country with 

more pollution? 

Is it possible the 
presence of life in Mars? 

1. Write with your own words what is 
an informational problem: 

An informational problem is a problem that 
to be solved we have to search information. 

 

2. Think and write an example of an informational 
problem (the examples facilitates on the video are 
not valid, you have to invent a new one): 

How can we avoid 
the climate change? 
 

What happened during 
the 2nd world War? 

 

1. Zika virus disease. 
2. How to solve a 
problem? 
2.1. Visualization of 
different videos. 
2.2. Video 1 (What is an 
informational 
problem?). 
2.3. Video 2 (How is the 
world where we live?). 
2.4. Video 3 (How to 
scan the information 
found?). 
2.5. Video 5 and 6 (How 
to process the 
information selected?). 

3. Let’s practice with 
help. 
4. Let’s practice with all 
we have learnt. 
5. Syphilis disease. 

What is an informational problem? 
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Figure 6. Screen shot of the activity 2.4. of the initial session. 

First aid guide. 

In the following video you will 
be watch in detail which doubts 
may arise during this process, 
how to solve them and which 
stages are useful to follow to 
scan information in an efficient 
way. The skimming, scanning 
and detailing techniques are put 
into practice in different digital 
contexts (online text, 
presentation and digital poster). 
 

Once you have visualized the 
video, answer the questions bellow.  

1. Which is the third phase of the IPS process? 
_ Search the information. 

 

1. Zika virus disease. 
2. How to solve a 
problem? 
2.1. Visualization of 
different videos. 
2.2. Video 1 (What is an 
informational 
problem?). 
2.3. Video 2 (How is the 
world where we live?). 
2.4. Video 3 (How to 
scan the information 
found?). 
2.5. Video 5 and 6 (How 
to process the 
information selected?). 

3. Let’s practice with 
help. 
4. Let’s practice with all 
we have learnt. 
5. Syphilis disease. 

At home. 

Scan information. 
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Figure 7. Screenshot of the 4th real situation faced by the students. 

Your class tutor comes to school 
and informs you that a boy who 
is suffering from AIDS will be 
incorporated into the school 
tomorrow. Before his arrival, 
your teacher asks you to inform 
yourselves about the illness that 
is treated and asks you to carry 
out a concept map. Search in the 
slides you will find below the 
information you need to fill out 
the concept map you will find in 
this activity. In the slides you 
have below, you will find all the 
information necessary to solve 
the problem rose. 

PREVENTION: In order not to infect, it is necessary 
to take into account the mechanisms or routes of 
transmission. In case of transmission through the 
blood, you must: Do not share the necessary objects 
to prepare and inject drugs. Do not share objects of 
personal use (toothbrushes, razors, etc.). Sterilize 
correctly the instruments used to pierce the skin or 
use disposable materials. 

Raising the various questions 
you have worked throughout 
these days will allow you to 
be useful when it comes to 
solving the problem. If you 
do not remember them you 
can always click the help 
button that you will find in 
the upper right corner of the 
screen. 

1.4. ACTIVITY 3 
2. How to solve a 
problem? 
2.1. Visualization of 
different videos. 
2.2. Video 1 (What is an 
informational problem?). 
2.3. Video 2 (How is the 
world where we live?). 
2.4. Video 3 (How to scan 
the information found?). 
2.5. Video 5 and 6 (How 
to process the information 
selected?). 

3. Let’s practice with help. 
3.1. Protozoa infection. 
3.2. Anorexia and bulimia. 
3.3. Health and illness. 
4. Let’s practice with all 
we have learnt. 
4.1. SIDA. 
4.2. Accident. 
4.3. Breast cancer. 
5. Syphilis disease. 
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Figure 8. Screenshot of the final real situation faced by the students. 

3. Let’s practice with help. 
3.1. Protozoa infection. 
3.2. Anorexia and bulimia. 
3.3. Health and illness. 
4. Let’s practice with all 
we have learnt. 
4.1. SIDA. 
4.2. Accident. 
4.3. Breast cancer. 
5. Syphilis disease. 
5.1. Which is the problem 
to be solved? 
5.2. TASK 1. 
5.3. TASK 2. 
5.4. TASK 3. 
 

2.2. Video 1 (What is an 
informational problem?). 
2.3. Video 2 (How is the 
world where we live?). 
2.4. Video 3 (How to scan 
the information found?). 
2.5. Video 5 and 6 (How to 
process the info. selected?). 

You go to the hospital with the appearance of 
a non-painful lesion (ulcer) located near the 
genitals. The doctor, after performing blood 
tests, tells you that you have an illness called 
Syphilis. At the same time, it asks you to 
explain the illness that you suffer to your 
partner, in order to take the appropriate 
measures and thus prevent your infection. 
Find in the text that you will find in the 
following activities entitled "The Syphilis" 
information on what illness is treated and 
perform the activities that you will find 
throughout the session. Once you have 
completed all the activities you will be able 
to explain to your partner what this disease is 
and what prevention measures you should 
take to avoid contracting the disease. 
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Figure 9. Screenshot of one of the activities faced by the students in the final session. 

3. Let’s practice with help. 
3.1. Protozoa infection. 
3.2. Anorexia and bulimia. 
3.3. Health and illness. 
4. Let’s practice with all 
we have learnt. 
4.1. SIDA. 
4.2. Accident. 
4.3. Breast cancer. 
5. Syphilis disease. 
5.1. Which is the problem 
to be solved? 
5.2. TASK 1. 
5.3. TASK 2. 
5.4. TASK 3. 
 

2.2. Video 1 (What is an 
informational problem?). 
2.3. Video 2 (How is the 
world where we live?). 
2.4. Video 3 (How to scan 
the information found?). 
2.5. Video 5 and 6 (How 
to process the info. 
selected?). 

ACTIVITY 1: Find the 
following information on the 
disease called Syphilis and 
answer the questions you 
will find below. 
Without treatment, the risk 
of transmission is very high 
during the first two phases 
of syphilis. Theoretically 
untreated infected people 
can transmit the infection 
during the first, and even the 
second year of the infection, 
during which relapses with 
infectious lesions are 
possible. On the other hand, 
a person may have syphilis 
and do not know because it 
has no symptoms or is very 
mild and yet can be 
transmitted to other people. 

1. If Syphilis is not treated, what are the 3 stages of 
the disease? 
_ Syphilis 0, syphilis 1, syphilis 2. 
_ Initial syphilis, mean syphilis, advanced syphilis. 
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Figure 10 synthesizes the different learning tasks developed by the students. 

 

Figure 10. Learning tasks developed by the students. 

All the learning tasks were performed by the students in the real context of the 

classroom, as curricular learning activities, in order to ensure ecological validity (Wopereis & 

van Merriënboer, 2011), and effectiveness (Frerejean et al., 2016). 

5.4. Participants 

The two comparable high schools that participated in the study belong to the major 

island of the Balearic Islands, Mallorca. To be more precise, the high schools where the 

research developed took place are located in two different towns, Inca and Manacor. Both 

have similar socio-demographic statistics according to the Institut d'Estadística de les Illes 

Balears (IBESTaT) since they are the second largest cities of the island after the capital. 

To be able to accurately describe the context where the current research was 

developed, the following information has been gathered regarding the Educational School 

Project of both high schools. 

The first high school is located in Inca, a town with an average population of 30.944 

people. The inhabitants of the town work mainly in the sectors of commerce and social 

services that have displaced other traditional sectors such as industry. However, an important 

emergent sector is construction, mostly developed by people who have immigrated to the 

island. Focusing on the main characteristics of the high school, there are 456 students 

1 Initial instructive 
session.

6 Real problem 
solving activities with 
increasing of freedom 

and less support.

1 Final real problem 
solving activity to be 
faced without help.

CONTROLLED 

GUIDED 

FREE 



CHAPTER 5. RESEARCH DESIGN                                                                                                   138 

schooled in the secondary education stage. From these students, the 14,5% of the students of 

the high school were born abroad but they have been schooled in Mallorca since the 

beginning of Primary Education. In addition, it is relevant to remark that 113 are classified as 

students who need specific educational support, the majority of whom are placed in the first 

cycle of the secondary educational stage. 

The other high school is located in Manacor, a town with an average population of 

40.249 people. The inhabitants of the town work mainly in the sectors of tourism and 

commerce services that have displaced other traditional sectors such as the manufacturing 

industry. However, an important emergent sector is construction mostly developed by people 

who have immigrated to the island. Focusing on the main characteristics of the high school, 

there are 468 students schooled in secondary education stage. From these students, the 17,4% 

of the students of the high school were born abroad but they have been schooled in Mallorca 

since the beginning of Primary Education. In addition it is relevant to remark that 145 from 

the stage are classified as students who need specific educational support, the majority of 

whom are placed in the first cycle of the secondary educational stage. 

To be more precise, data was collected from 82 secondary students that were in the 

third of ESO, which theoretically corresponds to students that are 14-15 years old.  

From these 82 secondary students, a total of 50 participants were males while the 

other 32 were females. After analyzing the data, it can be observed that more male students 

participated in this study, a total of 61% were males, while the 39% were females. 

In relation to the age of the participants, it is relevant to remark that despite the fact 

that all the participants were studying the third of ESO when the research was developed, the 

students were in three different years. Data revealed that the 13.4% of the students were born 

in 1999, the 23.2% were born in 2000 and 63.4% were born in 2001. These numbers indicate 

that 36.6% of the students were not at the grade corresponding to their age.  
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The participants from the sample of the study belonged to two different urban high 

schools from Mallorca (Spain). 57.3% of the participants belonged to the high school from 

Manacor and 42.7% of the participants belonged to the high school from Inca. 

According to students’ level of expertise on different individual skills before the 

instruction was carried out, several pieces of information regarding the sample can be 

mentioned. Firstly, the participants’ average academic achievement was 5.80 points out of 10 

in the subject of science. Secondly, the participants’ average reading skills was 11.54 points 

out of 20. Third, the students’ perception of their own domain of ICT skills was 3.97 on a 

scale of 1-5, ranging between “strongly disagree” and “strongly agree”. Finally, the students’ 

initial knowledge on illnesses and health was of 12.04 out of 30, which means that, on 

average, the students were failing on specific science knowledge. 

In both high schools, laptops were located in the students’ classroom, the physical 

space where data collection was carried out. 

5.5. Data Collection  

5.5.1. General procedure. 

Before developing data collection, an initial contact was established with the 

participants in order to ensure their participation with the investigation. To be more precise, 

the high schools that participated in our study were initially phoned and invited to join the 

study by the researcher. Once the high schools had accepted, a formal e-mail (See annex 1) 

was sent to the headmaster of each participating high school, detailing the purpose of the 

study and stating that participation is voluntary and anonymous. Then, the headmasters of 

each high school were also contacted by phone one week after sending the e-mail, to confirm 

a date and time for a visit to their schools to meet the teachers that would be involved in the 

study. Teachers teaching sciences in third of ESO attended the meeting and expressed their 

interest on future active collaboration with the researcher of the present research. 
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After the first meeting with the personnel involved in the research intervention at the 

participating high schools, four different meetings with the teachers teaching sciences in the 

third of ESO were carried out before the collection of data in order to carefully define the 

content of the instructive sessions. At the first two meetings, educational questions regarding 

the content of the sessions were discussed. At the third meeting, the researcher provided a 

protocol for the educational intervention to the teachers (See annex 2). At the last meeting, 

questions regarding the educational intervention were answered and teachers were shown the 

complete didactic sequence designed in WISE. 

Similarly, after this first meeting, two more meetings took place with the computer 

technicians of both high schools in order to ensure that any computer issues were addressed. 

In order to facilitate this process, the computer technicians were given a logistic survey to be 

filled in for the second meeting with the researcher (See annex 3). Once the computer 

technicians had filled in the logistic survey the second meeting was held in order to resolve 

any possible problems which might have emerged. After the technicians had installed all the 

necessary requirements for the study mentioned by the researchers, the last meeting was held 

and a pilot test was carried out in order to ensure that everything worked correctly. 

Once the previous instruction of the teachers and the necessary computer and ICT 

programmes had been put into place, we held the first meeting with the students. At that 

meeting, the students were given the main details of the instruction. The WISE webpage was 

presented in order to assure that the students knew how to navigate around the webpage 

without getting lost. Moreover, at that point, students were also given the different codes and 

passwords to access the website. Different questions regarding the future educational process 

were answered. The researcher thanked the students for their participation in the study. After 

the main pedagogical and technical instructions had been given in order to ensure an effective 

instructional process, data collection procedure started.  
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The data collection procedure was mainly divided into two main parts. The initial data 

collection phase was developed before the implementation of the instruction had been 

designed, while the final data collection phase was developed after the implementation of the 

instruction had been designed. The two main phases of data collection procedure are 

synthesized on Figure 11. 

Data collection stage Data collection tool Variable Duration 

INITIAL DATA 
COLLECTION 

a) Personal information 
survey. 

Gender, year of birth, high 
school belonging. 

90 minutes 
b) Reading literacy test 

(CompLEC). 
Students’ reading skill. 

c) ICT Literacy survey (5-
point Likert scale). 

Students’ ICT skills. 

d) Initial science 
knowledge on illness 

and health test. 

Students’ previous 
knowledge on illnesses and 

health. 
60 minutes 

e) Initial log-files and 
thinking aloud of three 

IPS tasks. 

Students’ initial 
performance of scanning 

and processing skills. 
60 minutes 

INSTRUCTION PERIOD 
(8 sessions of 1 hour) 

 

FINAL DATA 
COLLECTION 

d)_Final science knowledge 
on illness and health test. 

Students’ previous 
knowledge on illnesses and 
health. 

60 minutes 

e) Final log-files and 
thinking aloud of three IPS 

tasks. 

Students’ final performance 
of scanning and processing 
skills. 

60 minutes 

 

Figure 11. Data collection procedure from the 82 participants. 

The initial data collection phase started with the different data collection instruments 

that gathered information about certain students’ individual differences. Before the 

instruction, the students completed in one session of 90 minutes: their students’ personal 

information survey, the ICT Literacy survey (5-point Likert scale) and the Reading literacy 
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test (CompLEC) the three of which are accessible at the following link 

(http://goo.gl/forms/zSVLkT0plb). Once this information had been collected, and during the 

same week, the students devoted one science session of 60 minutes to individually fill in the 

science knowledge test on illnesses and health (See annex 5). 

One week after the collection of certain students’ individual information from 

different tests and surveys, three different initial tasks were carried out by the students on the 

WISE platform. The information derived from the students’ completion of these tasks was 

collected with Camtasia Studio 8.6 software, by using observational techniques such as 

screen recording and students’ concurrent reporting. This recording provided data about how 

students’ performed on IPS tasks, without any previous instruction. 

Once the students had completed the six different sessions of the instruction period, 

the time for final data collection arrived. At that point, data was collected in two different 

ways. Firstly, as they had been asked to before the instruction had been received, students 

completed three different final tasks on the WISE platform. The information derived from the 

students completion of these tasks was collected using Camtasia Studio 8.6 software, by 

using observational techniques such as screen recording and students’ concurrent reporting. 

This recording provided data about how students’ performed on IPS tasks after the instruction 

had been received. Secondly, after the students had ended the instruction period, they were 

asked to individually fill in the science knowledge test on illnesses and health in a science 

session of 60 minutes. The information obtained from this test offered information about the 

students’ final knowledge on illnesses and health after the didactic sequence developed on the 

WISE platform.  

It is relevant to mention that in total 164 hours of Camtasia recordings were obtained 

to be analyzed.  
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Last but not least, it is worth mentioning that although the present research does not 

meet the ethical and data transfer standards that are currently demanded -because they were 

not required when data collection was developed- it is relevant to emphasize that the current 

investigation has been developed in accordance with the ethical standards of the American 

Psychological Association (2010). Therefore, participants were informed in advance of the 

general aim of the research, its duration, and the procedure to collect, store, and analyze the 

information provided by them. 

5.5.2. Data collection tools.  

In the present research study, five different instruments were used to collect 

information from the different variables analyzed of the 82 participants: 

Personal information survey. Participants were asked to provide basic personal 

information concerning gender, year of birth, high school to which the students belong. This 

information was collected by asking the students to fill in an online survey made with a tool 

named Google Questionnaire.  

Reading literacy assessment. In order to assess students’ reading skill, a standardized 

assessment that evaluates reading literacy was used (CompLEC). CompLEC (Tatay et al., 

2011) is based on the PISA assessment framework and new definitions of reading literacy. 

The assessment, which is easy to apply and score, assesses the level of reading literacy of 

children between 11 and 14 years of age in several reading situations and with different types 

of texts. The scale has been standardized with a sample of 1,854 students from five different 

Spanish regions. Empirical results show that CompLEC is a homogeneous, reliable and valid 

instrument. CompLEC has 20 questions which are divided into three categories according to 

the three fundamental features of evaluating PISA reading literacy (information retrieval 

questions, information integration questions, content and form of the text reflection 

questions). 
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ICT literacy survey. In order to measure students ICT skills, an ICT literacy survey 

which has been confirmed to have good validity and reliability in studies (Kaymak & 

Horzum, 2013; Lau & Yuen, 2014b) was used. This survey assesses fundamental skills in 

dealing with computer interfaces using 17 items. The 17 items from the survey were 

distributed into three scales (information literacy, Internet literacy and computer literacy). 

The ICT literacy survey uses a 5-point Likert scale to rate items from “strongly disagree” (1) 

to “strongly agree” (5). 

Science knowledge on illnesses and health assessment. In order to measure the 

science knowledge on illnesses and health of students, participants were asked to complete a 

knowledge assessment of the didactic sequence content (illnesses and health). To design this 

assessment, as Becerril and Badia (2015) used in their research of shared knowledge 

construction process when developing IPS, the cognitive complexity of the assignment has 

been taken into account. Therefore, the science knowledge assessment has been created 

taking into account three types of learning tasks (handling isolated information without 

transforming the content in any way; connecting concepts and ideas from more than one 

information source in a simple fashion; thinking about concepts and developing complex 

conceptual frameworks). This has been presented to the students in the form of three different 

activities: multiple-choice questions, a conceptual map creation task and a specific writing 

task. 

- Multiple-choice questions: 10 questions with four possible options each about 

illnesses and health had to be answered by the students.  

- Conceptual map: 25 concepts given about illnesses and health had to be 

related by the students.  

- Specific writing of preventive measures: Students were asked to think and 

reflect on the scientific content of illnesses and health in order to write 10 
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preventive measures to be taken into account in order to avoid catching an 

infectious illness.  

- Moreover, from these tasks two different data sets were extracted: initial 

science knowledge on illnesses and health and final science knowledge on 

illnesses and health. 

Log-files and concurrent non-mediated thinking aloud protocols of three IPS tasks. 

In order to analyze students’ scanning and processing information skills performance before 

and after the instruction, two different methods were used to gather information from both 

cognitive processes in different IPS task fulfillment. 

Regarding the design of the different IPS tasks developed before and after the 

instruction that the students were expected to complete, it has to be mentioned that in the 

initial session devoted to analyzing the students’ scanning and processing information skills 

performance before the instruction, students were required to complete three different IPS 

tasks, which also happened in the last session after the instruction in order to analyze 

students’ scanning and processing information skills performance.  

The three different tasks from the initial session and the final session dealt with 

different content related to illnesses and health. However, despite the fact that the tasks 

differed from the specific content covered, as  (Becerril & Badia, 2015) used in their research 

of shared knowledge construction process when developing IPS, the different tasks designed 

for both sessions were planned considering the graduation of the cognitive complexity 

required, so they shared a common structure. Therefore, the first task from both sessions dealt 

with handling isolated information without transforming the content in any way and was in 

the form of multiple-choice questions. The second task from both sessions dealt with 

connecting concepts and ideas from more than one information source in a simple fashion 

and took the form of a conceptual map with specific concepts. Finally, the third task from 



CHAPTER 5. RESEARCH DESIGN                                                                                                   146 

both sessions dealt with thinking about concepts and developing complex conceptual 

frameworks and which took the form of a specific writing task. 

- Multiple-choice questions: 5 questions with three possible options each about a 

certain infectious illness had to be answered by the students.  

- Conceptual map: 15 concepts given about a certain infectious illnesses had to be 

related by the students.  

- Specific writing of preventive measures: Students were asked to think and reflect 

on the certain infectious illnesses in order to write 5 preventive measures to be 

taken into account in order to avoid catching an infectious illness.  

As can be appreciated after the precise description developed, the IPS tasks have a 

similar structure to the assessment of science knowledge of illnesses and health developed to 

collect the students’ previous knowledge on the field of study. 

Concerning the different methods used to collect information from both IPS cognitive 

processes while the different tasks proposed were completed by the students before and after 

the instruction, two main methods were used: observational techniques and verbal protocol 

analysis.  

The first methods employed to obtain data from the students performance were 

observational techniques, which can be defined as a procedure of gathering and analyzing 

information obtained through directly or indirectly observing others in natural or planned 

environments (Creswell, 2002). Since this tool of data collection aims to obtain information 

about the scanning and processing information skills performance while the different tasks 

designed are completed on the computer screen, an appropriate observation technique to be 

used is the log-file technique. According to Csapó and Funke (2017),  in the framework of 

computer based measurement, log-files are a frequently used tool to record students tasks 
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development and precisely describe different actions performed by the students on the screen 

of the computer while they are solving an IPS task. 

Numerous previous research studies have used observational techniques such as log-

files in their researches because they offer several advantages (Argelagós, 2012). Firstly, the 

log-file technique allows researchers to explore in-depth the attitudes and behavior of the 

participants completing an IPS task in an unobtrusive way. Moreover, log-files provide the 

researchers the opportunity to observe what it is that users actually do on the screen of the 

computer rather than relying on reports of what participants say they do. In addition, data is 

collected as and when the event or the activity is occurring. 

Although the log-file technique has many advantages, as with other observational 

techniques, it also presents some drawbacks. Firstly, researchers have no control over the 

situations and contexts used in the observational investigations. Secondly, log-files require 

researchers to have a lot of patience and time to devote to watching a certain number of users 

or environments to get the needed information. For instance, on the current research study the 

initial and final log-files of each participant were watched twice, which means that around 

328 hours were devoted to collecting data from the log-files obtained from the 82 

participants. Thirdly, researchers collecting data from observational techniques might become 

distracted while observing the collected material, which may perhaps invalidate the results of 

the research. However, this last limitation was overcome in the current research study as the 

recorded log-files allow the possibility of watching and analyzing the same task being 

performed as many times as required.  

With the intention if complementing and better understanding the data obtained from 

the log-file techniques recorded through Camtasia Studio 8.6 software, a second method of 

data collection named verbal protocol was also used, information being simultaneously 

collected using the same software Camtasia Studio 8.6. Verbal protocol can be defined as a 
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method of verbal data collection in which participants are asked to describe the provide 

cognitive and physical processes performed by them to complete a specific task (Mosher, 

2011).  

According to Green (1998) verbal protocols can be classified according to three 

parameters (See Table 10). 

Table 10 
Verbal protocols classification 
Parameters Sub-parameters 

1. Form of Report 

1.1.  Talk aloud reports include information that is already encoded in verbal 
form. 

1.2.  Think aloud reports include both information in verbal form and 
information that is not in verbal form such as the location of a piece of 
text. 

2. Temporal Variations 

2.1.  Concurrent reports require the participant to produce a report while the 
task is performed. 

2.2.  Retrospective reports require the participant to repot the task development 
after the end of the task. 

3. Procedural variations 

3.1.  Non-mediated reports require the researcher to be in silent and only 
prompt the participant when long pauses occur. 

3.2.  Mediated reports require the researcher to ask and clarify the reasons for 
which a particular decision is taken by the participant. 

Adapted from Green (1998). 

Considering the classification previously made, concurrent non-mediated thinking 

aloud protocols are used in the present investigation in order to offer more precise 

information about the actions developed by the students on the computer screen during the 

resolution of the different IPS tasks, since verbal protocols require students to verbalize all 

thoughts that come to mind during task performance, this complements the information 

collected from the log-files previously described. 

Although one of the main advantages of verbal protocols is that it provides precise 

and comprehensive information about the work of an individual or a job related to a 

particular task, one of the main disadvantages, as also occurs with log-files, is the huge 

amount of time that has to be consumed in order to capture and analyze the information 

collected. 
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The information collected by these two methods mainly aims to determine the time 

spent by students while performing the different processes of scanning and processing 

information and the main features of the skills performance. 

With the intention of examining the students’ performance of the scanning 

information skill precisely, six variables were analyzed. These six variables can be grouped 

into two main groups: type of scanning information performed and the time spent scanning 

information. 

For the purpose of accurately inspecting the students’ performance of the processing 

information skill, five variables were analyzed. These five variables can be grouped into two 

main groups: type of answer given and the time spent processing information. 

The aim of collecting data from the initial and final students’ IPS performance for the 

three different tasks was to determine the effect that IPS instruction designed in an IWBL 

environment has on students’ cognitive processes of scanning and processing information 

performance. In total 164 hours of Camtasia recordings to be analyzed were obtained. 

5.6. Data Analysis 

From the information collected throughout the different instruments methods in the 

previous section, two main sections emerge: measures and analytical strategy. 

5.6.1. Measures 

This section aims to clarify how the information of each variable has been measured 

in order to later develop data analysis according to the objectives of the study. 

Personal information. To collect data related with students’ personal information, 

participants were asked to complete three questions from a multiple choice questionnaire. 

The first question dealt with students’ gender and could be answered by choosing among 

male or female. The second question dealt with students’ year of birth and could be answered 
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by choosing among years 1999, 2000, and 2001. The third question dealt with students’ high 

school and could be answered by choosing high school 1 or high school 2. 

Reading skills. Students’ level of reading skills was assessed considering four 

different categories obtained by using CompLEC (Tatay et al., 2011). The 20 questions that 

CompLEC presents are divided into three categories: 5 questions for information retrieval, 10 

questions for information integration, and 5 questions for text reflection. To be more precise, 

1 point was given for each of the 5 questions of correctly answered information retrieval 

which means that the mark obtained for information retrieval could range from 0 to 5 points. 

Coherently, 1 point was given for each of the 10 questions of information integration 

correctly answered which means that the mark obtained for information integration could 

range from 0 to 10 points. The same happened with questions that dealt with text reflection, 

which were given 1 point for each of the 5 questions correctly answered which means that the 

mark obtained for questions that dealt with text reflection could range from 0 to 5 points. The 

final score, obtained by adding the score achieved in each of the previous categories, gives us 

the fourth category named global reading skill which is measured out of 20 points.  

ICT skills. Students’ level of ICT skills was assessed considering four different 

categories obtained by using ICT literacy survey which has been confirmed to have good 

validity and reliability in studies (Kaymak & Horzum, 2013; Lau & Yuen, 2014b). The 17 

items which were measured by a 5-point Likert scale to rate items from “strongly disagree” 

(1) to “strongly agree” (5) were distributed into three main categories: 7 items for information 

literacy, 5 items for Internet literacy, and 4 items for computer literacy. The final score, 

obtained by calculating the average of the averages for each category, gives us the fifth 

category named global ICT skill which, as the previous categories, rose from “strongly 

disagree” (1) to “strongly agree” (5). 
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Science knowledge on illnesses and health. In order to measure students’ science 

knowledge on illnesses and health, participants were asked to complete the previous 

described knowledge assessment about illnesses and health. As described before, the 

assessment had three different types of questions: multiple-choice questions, a conceptual 

map creation task and a specific writing task. 

Multiple-choice questions. The quantitative measurement of these multiple-choice 

questions had a maximum of 10 points, 1 point was given for each correct answer.  

Conceptual map. The quantitative measurement of the conceptual map was marked 

out of 40 points using the weighted linear combination of the elements of the map. As Novak 

and Gowin (1988) did, first of all an external model of the conceptual map was designed (See 

annex 6), then a relationship among the elements of the map and the punctuation was 

established, the final punctuation was obtained by the addition of the total weight of each 

element. The quantitative measurement of the conceptual map construction had a maximum 

of 10 points obtained from the scoring model used according to the elements of the map (See 

Table 11). 

Table 11 
Conceptual map scoring model 
Validity of answers Score 
Key concept (red). 0.5p 
Valid hierarchy (orange). 0.25px5p 
Correct statement with link, without link 0.25p (green). 0.5px9p 
Correct statement without link (blue). 0.25px15p 
TOTAL 10p 

 

Specific writing of preventive measures. The quantitative measurement of the 

preventive measures listed by the students was graded out of 10 points. In order to determine 

the correctness of the measures written by the students, a list of correct preventive measures 

was designed (See annex 7). Table 12 presents the punctuation/grading model used according 

to the validity of the measures written. 



CHAPTER 5. RESEARCH DESIGN                                                                                                   152 

Table 12 
Preventive measures scoring model 
Validity of the measures Score 
Uses properly a key concept5 or similar and does not use an incorrect concept. 1p 
There is not anything written. 
Repeats a key concept already used before. 
Does not use a key concept or similar. 

0p 

TOTAL 10p 

 

The maximum score that each student could obtain from the completion of the science 

knowledge assessment on illnesses and health was 30 points, which were obtained by the 

addition of the marks obtained on the three questions of the assessment. 

Moreover, from this task two different data sets were extracted: initial science 

knowledge on illnesses and health and final science knowledge on illnesses and health. 

The aim of collecting data from the initial and final science knowledge assessments 

on illnesses and health was to assess the science knowledge acquired by the students after the 

development of the different instructive sessions designed in an IWBL environment. 

Therefore, the initial science knowledge assessment on illnesses and health was taken one 

week before the instruction started and again one week after the instruction ended. 

We have considered that a student has learned when he shows a growth in science 

knowledge between the final assessment with respect to the initial assessment. 

Scanning information skill. With the intention of examining precisely the students’ 

performance of the scanning information skill, six categories have been analyzed. These six 

categories can be grouped into two main groups. The first group includes the three categories 

that define the type of information scanning performed, which are: number of slides lineally 

read, number of slides scanned, and number of slides scrolled. The second group includes the 

three categories that define the time spent scanning information, which are: time scanning 

useful information, time scanning useless information, and time scrolling information.  

                                                           

5Words underlined in the table of answers examples. 
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When the students’ type of scanning had to be analyzed, three types of reading were 

distinguished. In order to determine which type of reading the students were doing, the time-

stamp data was processed so that linear reading, scanning reading and scrolling could be 

calculated for each interaction/event. The time cutoffs used to distinguish linear reading from 

scanning reading from scrolling fit with other document navigation research (Alexander & 

Cockburn, 2008). Any time between events more than five seconds was classified as linear 

reading. Any time over two seconds but less than five seconds was classified as scanning 

reading and any time less than two seconds was classified as scrolling.  

According to Salmerón, Naumann, García, and Fajardo (2017) highly skilled readers 

scan more quickly and revisit segments of the hypertext that do not contain non-useful 

information less often when the time spent scanning information was calculated. When the 

time the student spent scanning information had to be analyzed, the time that the student 

spent in front of the information encompassed the time that the participant spent scanning 

information. From the slides that the students had available to consult information, some of 

them contained useful information to solve the IPS task and others contained non-useful 

information to solve the information problem proposed see Table 13.  

Table 13 
Slides usefulness to achieve each task completion 
Type of slide Task Before the instruction After the instruction 
Slides with useful 
information 

Task 1 2, 4, 6, 7, 9. 2, 4, 5, 6, 9. 

Task 2 2, 4, 5, 6, 7, 10, 11, 12. 2, 4, 5, 6, 7, 9, 10, 12. 

Task 3 10, 11, 12. 10, 11, 12. 

Slides with non-useful 
information 

Task 1 1, 3, 5, 8, 10, 11, 12. 1, 3, 7, 8, 10, 11, 12. 

Task 2 1, 3, 8, 9. 1, 3, 8, 11. 

Task 3 1, 2, 3, 4, 5, 6, 7, 8, 9. 1, 2, 3, 4, 5, 6, 7, 8, 9. 

At that time, three variables were calculated: total time spent scanning slides with 

useful information, total time spent scanning slides with useless information and total time 

spent scrolling through the slides of information. These categories were calculated for each 

type of task, so nine different categories emerged from these categorizations established for 
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the initial data collection and nine different categories emerged for the final data collection. 

The time spent on the type of scanning information has been measured in seconds while the 

quantity of slides has been measured through number of slides. The established categories 

mentioned below allow us to detail the students’ level of expertise on scanning information at 

the end of the research. 

Processing information skill. With the purpose of accurately inspecting the students’ 

performance at the processing information skill, five variables have been analyzed. These 

five variables can be divided into two main groups. The first group includes the four 

categories that define the type of answer given, which are: number of correct answers 

consulted, number of correct answers non-consulted, number of incorrect answers consulted, 

and number of incorrect answers non-consulted. The second group includes one category that 

defines the time spent processing information as: time processing information. 

According to Hahnel et al. (2016) processing significant information to accomplish 

the task could be associated with extensive processing times. Nevertheless, if students 

become aware of unconnected information, students might stop processing information and 

present shorter processing information times. Therefore, the authors suggest that maybe the 

duration of students’ access to hypertext could facilitate the understanding of how students 

use their time, and therefore facilitate a different insight into students’ cognitive processing 

information process. Therefore, the students’ total time spent processing information was 

calculated by counting the time that the student spent in front of the answer sheet searching 

for the right answer. The time spend on processing information has been measured in 

seconds.  

When the students type of answer had to be analyzed four types of answers were 

distinguished: correct answer previously consulted, correct answer previously non-consulted, 

incorrect answer previously consulted and incorrect answer previously non-consulted. In 
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order to determine the correctness of the answers given by the students’ initial and final 

answers’, a correctness sheet was designed for each of the three tasks developed (See annex 

7). According to the answer sheet designed, students obtained 1 point for each correct answer 

given to each of the 5 questions of Task 1, which means that the total score for this task could 

range from 0 to 5 points. Likewise, students obtained 1 point for each of the fifteen questions 

answered correctly in Task 2, which means that the total score for this task could range from 

0 to 15 points. Finally, in Task 3 students were given from 0 to 2 points for each of the 5 

measures appropriately written according to the parameters established on Table 46. 

Once the different categories for the scanning information skill performance and for 

the processing skill performance were assigned a code, an Excel template sheet was carefully 

created, considering the features mentioned for each variable, in order to meticulously 

analyze the log-files and the concurrent non-mediated thinking aloud protocols obtained in 

the audiovisual file. For each student, one Excel file with the template for analyzing the 

audiovisual files was created and saved following a pattern: number of participant _ student’s 

name _ student’s surname. The excel file contained two Excel sheets, the first Excel sheet 

was devoted to analyzing the student’s initial task performance and the other one was devoted 

to analyze the student’s final task performance. For each Excel sheet template, different 

codes and Excel formula were assigned in order to automatically calculate certain parameters 

established derived from the categories above mentioned. The Excel sheet was divided into 

four main sections (See Annex 8).  

Section 1 was named student’s performance and was formed of 5 columns with 

indefinite rows which were added depending on the student’s performance. The first column 

was named CODE and indicated what the student was doing. It had to be filed in manually by 

the observer during the screening of the video by following an established pattern. The 

second column was named START and indicated the moment in which an action started to be 
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performed by the student. It had to be filled in manually during the screening of the video by 

following the pattern 0:00:00 each time a different action started. The third column was 

named END and determined the moment in which a student ended an action. It had to be 

filled in manually during the screening of the video by following the pattern 0:00:00 each 

time an action finished. Both measures of time coincided with those that appear in the 

audiovisual file. The fourth column was named Duration and indicated the amount of time 

that the students spent performing an action. It was automatically filled in with a formula that 

subtracts the END column from the START column. The fifth column was named Scrolling 

and indicated the amount of slides that were scrolled through by the student when scrolling. It 

had to be filled in manually during the screening of the video with the number of slides 

scrolled through, only if the student scrolled through the information.  

Table 14  
Steps to code an action performed by the student 

 

Section 2 was named processing information and was formed by 5 columns and 26 

rows of which 25, corresponded to the total number of questions from all tasks performed and 

1 row included the heading of the columns of the section. The first column was named 

Question and specified in order the task and the type of question answered by the student, 

starting with Task 1 Question 01 and finishing with Task 3 Question 05. It was a fixed 

column which means that it could not be modified by the observer. The second column was 

Steps   
1st Identify the 
task. 

Write “t” and the number of task, which can be: 1, 2 or 3. 

2nd Identify the 
skill 
performed. 

Scanning skill performance is identified if the student is 
located on the slides of information. 

Processing skill performance is 
identified if the student is 
located on the questions to be 
answered. 

3rd Code what 
the student is 
doing. 

- Option 1: Write “s” and the number of slide scanned, 
which can be: 01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 11 or 
12. The distinction between scanning and skimming will be 
automatically done by the times cuts off entered on 
columns START and END. 

- Write “q” and the number of 
question, which can be: 01, 02, 
03, 04, 05, 06, 07, 08, 09, 10, 
11, 12, 13, 14 or 15. 

- Option 2: Write “d” if the student is scrolling the slides, 
which means that devotes less than 2 seconds in front of a 
slide. 
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named Time and indicated the amount of time the student devoted to processing information 

to give an answer for each question from each task. This column was automatically filled in, 

with the information introduced by the observer on the previous section, using the conditional 

Excel formula. The third column was named Correctness and indicated if the answer given by 

the student was correct or incorrect. It had to be filled in manually during the screening of the 

video depending on the student’s answer. If the answer was correct “1” was introduced, if the 

answer was incorrect “0” was introduced. The correctness of the answers was evaluated 

according to an established template. The fourth column was named Type and indicated if the 

answer given was previously consulted by the student, before being answered or not. It had to 

be filled in manually during the screening of the video depending on the student’s answer. If 

the answer had previously been consulted “1” was introduced, if the answer had not been 

consulted “0” was introduced. The fifth column was named Queries and indicated the number 

of times that a student had to consult information before answering it. It was automatically 

filled in with the information introduced by the observer on the previous section, using the 

Excel formula counted the number of times that a question was consulted.  

Section 3 was named Scanning information (time) and was formed of 4 columns and 

15 rows.  The first row of this section gave a heading to the columns, the next 12 rows 

corresponded to the total amount of slides of information per each initial and final task 

performance, and the last 2 rows scored the total amount of time devoted to scan useful and 

non-useful information per task.  The first column was named Slide number and indicated the 

number of each slide. It was a fixed column which means that it could not to be modified by 

the observer at any time. Columns two, three and four, which were named Task 1, Task 2 and 

Task 3 respectfully, followed the same pattern and indicated the amount of time that the 

student devoted to scanning each slide of information per type of task. They were 

automatically filled in, with the information introduced by the observer on section 1, using 
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the conditional Excel formula. Finally, the last two rows named Time per task, as briefly 

mentioned before, indicated first, the total amount of time that the student spent scanning 

useful information per each type of task and the total amount of time that the student spent 

scanning non-useful information per each type of task. 

Section 4 was the last section of the Excel sheet and was responsible for collecting all 

the information obtained after the screening of the audiovisual file, which provided the 

numbers of each category previously defined to be later introduced in the SPSS software for 

the data analysis.  

5.6.2. Analytical strategy. 

The data was analyzed using IBM SPSS Statistics for Windows, Version 21.0, and 

different consecutive steps of analysis were followed regarding the six research objectives 

(See Table 15). 
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Table 15 
Data analysis 

Objectives Measures linked with Data Analysis Findings 
1. To determine if there are any differences 

between the two  genders  in relation to the 
different individual students’ variables. 

Qualitative variable: 
Personal information: Gender. 
Quantitative variables:  
Reading skills, ICT skills, and science knowledge (previous and final). 

Mean differences between 
both the two categories of a 
qualitative variable (gender). 
N > 30 
T-test independent variables. 
Parametric analysis. 

Tables of mean 
differences 
(between male 
and female). 

2. To determine the relations established 
among students’ individual characteristics 
and students’ performance when scanning 
information. 

Quantitative variables: Reading skills, ICT skills, Previous knowledge, and scanning 
information skill development (task 1, 2, and 3). 

Correlation among 
quantitative variables. 

Tables of 
correlations. 

3. To determine the relations established 
among students’ individual characteristics 
and students’ performance when processing 
information. 

Quantitative variables: 
Reading skills, ICT skills, previous science knowledge, and processing information 
skill development (task 1, 2, and 3). 

Correlation among 
quantitative variables. 

Tables of 
correlations. 

4. To determine the relations established 
among students’ scanning information skill 
performance and students’ processing 
information skill performance in different 
types of tasks. 

Quantitative variables: 
Scanning information skill development (task 1, 2, and 3), and processing 
information skill development (task 1, 2, and 3). 

Correlation among 
quantitative variables. 

Tables of 
correlations. 

5. To identify the difference among the 
students’ initial and final learning 
performance. 

Qualitative variable: 
Initial and final data. 
Quantitative variables: 
Science knowledge and for tasks 1, 2, and 3: Time scanning useful information, 
time scanning non-useful information, time scrolling information, scanned slides 
using lineal reading, scanned slides using scanning reading, scrolled slides, time 
processing information, correct answers consulted, correct answers non-consulted, 
incorrect answers consulted, and incorrect answers non-consulted. 

Mean differences between 
both the two categories of 
initial and final. 
N > 30 
T-test paired variables. 
Parametric analysis. 

Tables of mean 
differences 
(between initial 
and final 
variables). 

6. To describe the main differences on 
students' scanning and processing 
information skills performance in each type 
of final task, according to students’ final 
science knowledge profile. 

Qualitative variable: 
Students’ profile according students’ final science knowledge. 
Quantitative variable: 
For tasks 1, 2, and 3: Time scanning useful information, time scanning non-useful 
information, time scrolling information, scanned slides using lineal reading, scanned 
slides using scanning reading, scrolled slides, time processing information, correct 
answers consulted, correct answers non-consulted, incorrect answers consulted, and 
incorrect answers non-consulted. 

Cluster Analysis. 
Mean differences among 
clusters (in each task). 
Non-parametric analysis. 

Tables of mean 
differences 
(among the 
four clusters). 



CHAPTER 5. RESEARCH DESIGN                                                                                                             160 
 

 

 

The first research objective aimed to determine if there were any differences between 

the two genders in relation to the different individual students’ variables. To achieve research 

objective number 1, we first performed a Levene’s test to assess the equality of variances. As 

some variables presented statistical significance, an independent two sample t-test with equal 

variance among the categories of each measured variable was developed at 95% of 

confidence (ap<0.05). 

The second research objective aimed to determine the relations established among 

students’ individual characteristics and students’ performance when scanning information. To 

achieve research objective number 2, we performed a two tailed t-test with paired samples in 

order to study the effect of the instruction received on students’ scanning information skill 

performance for each type of task. Then the results were correlated with students’ individual 

variables by applying Pearson’s correlations analysis. Both studies were performed at 95% of 

confidence (ap<0.05 bp<0.01). 

The third research objective aimed to determine the relations established among 

students’ individual characteristics and students’ performance when processing information. 

To achieve research objective number 3, we performed a two tailed t-test with paired samples 

in order to study the effect of the instruction received on students’ processing information 

skill performance for each type of task. Then the results were correlated with students’ 

individual variables by applying Pearson’s correlations analysis. Both studies were performed 

at 95% of confidence (ap<0.05 bp<0.01). 

The fourth research objective sought to determine the relations established among 

students’ scanning information skill performance and students’ processing information skill 

performance in different types of tasks. To achieve the research objective number 4, we 

performed a two tailed t-test with paired samples in order to study the effect of the instruction 

received on students’ scanning information skill performance and students’ processing 
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information skill performance for each type of task. Then the results were correlated among 

them by applying Pearson’s correlations analysis. Both studies were performed at 95% of 

confidence (ap<0.05 bp<0.01).  

The fifth research objective wished to identify the difference among the students’ 

initial and final learning performance including students’ science knowledge on illnesses and 

health and students’ scanning and processing information skill performances for each type of 

task. To achieve research objective number 5, a two tailed paired samples t-test analysis 

between students’ initial and final learning performance including students’ science 

knowledge on illnesses and health and students’ scanning and processing information skill 

performances was developed at 95% of confidence (ap<0.05; bp<0.01; cp<0.001). 

The last research objective aimed to describe the main differences in students' 

performance of scanning and processing information skills in each type of final task, 

according to the students’ final science knowledge profile. Therefore, a two-step quantitative 

data analysis was used to analyze data regarding research question number 6. In the first step, 

a hierarchical cluster analysis (HCA) was conducted to classify cases using Ward’s method. 

The data sets analyzed were extracted from the students’ final science knowledge. Four final 

groups of students were selected based on the obtained results. The second step consisted of 

comparing those clusters of students with data from the students’ performance of scanning 

and processing information skills for each type of final task. Therefore, different ANOVA 

(ONEWAY) tests were applied in order to explore the differences among the average of the 

quantitative variables that describe the performance of scanning and processing information 

skills in each type of task and the qualitative variable of students’ profile. Then, because an 

ANOVA test can tell you if the results are significant overall, but it cannot tell you exactly 

where those differences lie, a BTUKEY ALPHA test analysis was developed at 95% of 

confidence with the intention of indicating the differences between the averages of the pairs.  
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6. Results and Discussion 

In this section, we present the results sorted according to the different research 

questions of the study derived from the specific objectives from the present research. 
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6.1. Research Question 1: Are there any differences between the two genders in relation 

to the variables of reading skill, ICT skills, previous and final scientific knowledge? 

From the analysis conducted examining the differences between female students and 

male students of each quantitative individual variable, the results revealed that male students 

are better than female students on certain aspects presented. 

Table 16 shows the differences between students’ reading skill depending on students’ 

gender.  

Table 16 
Differences of students’ reading skill depending on students’ gender (Men/Women) (N = 82) 
 Male students Female students TOTAL) 

M (SD) M (SD) M (SD) 
Information retrieval. 3.22 (1.56) 2.91 (1.63) 3.10 (1.59) 
Information integration. 5.72 (2.01) 5.03 (2.19) 5.45 (2.09) 
Text reflection of content and form. 3.26 (1.19)a 2.56 (1.21)a 2.99 (1.24) 
Global reading skill 12.20 (4.01) 10.5 (4.13) 11.54 (4.12) 
ap<0.05 

Describing the differences between reading skills, the data shows that male 

participants are better than female participants are when answering reading questions that 

demanded of them text reflection of content and form (M = 3.26) against (M = 2.56) from 

female participants.  

Table 17 shows the differences between students’ ICT skills depending on students’ 

gender.  

Table 17 
Differences of students’ ICT skills depending on students’ gender (Men/Women) (N = 82) 

 
Male students Female students TOTAL) 

M (SD) M (SD) M (SD) 
I am able to identify appropriately the needed 
information from question.  

3.74 (0.92) 3.56 (0.94) 3.67 (0.93) 

 I am able to collect/retrieve information in digital 
environments. 

3.86 (1.01) 3.78 (0.87) 3.83 (0.95) 

I am able to use ICT to process appropriately the 
obtained information.  

3.88 (0.98)a 3.38 (1.15)a 3.68 (1.07) 

I am able to interpret and represent information, 
such as using ICT to synthesize. 

3.64 (0.98) 3.47 (1.16) 3.57 (1.05) 

 I am able to use ICT to design or create new 
information from information already acquired. 

3.56 (0.92) 3.59 (1.07) 3.57 (0.98) 

I am able to use ICT to convey correct information 
to appropriate targets.  

3.94 (0.79) 3.53 (1.16) 3.78 (0.96) 

I am able to judge the degree to which information 
is practical or satisfies the needs of the task. 

3.76 (0.77) 3.72 (0.77) 3.74 (0.76) 

Information Literacy 3.80 (0.78) 3.56 (0.87) 3.71 (0.82) 
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I am able to set a homepage for an internet 
browser. 

4.44 (1.07) 4.16 (1.37) 4.33 (1.19) 

I am able to search for information on the internet 
using a search engine.  

4.52 (0.88) 4.41 (1.07) 4.48 (0.95) 

I am able to use email to communicate 4.32 (1.03) 4.47 (1.01) 4.38 (1.02) 
I am able to use instant messaging software to chat 
with friends.  

4.46 (1.05) 4.66 (0.86) 4.54 (0.98) 

I am able to download files from the internet. 4.40 (0.94) 4.41 (1.04) 4.40 (0.98) 
Internet literacy  4.44 (0.86) 4.47 (1.01) 4.45 (0.91) 
I am able to set header/footer in word processor 
software. 

4.00 (1.03) 3.81 (1.17) 3.93 (1.08) 

I am able to plot a graph and chart using 
spreadsheet software. 

3.92 (1.02) 3.59 (1.24) 3.79 (1.11) 

I am able to insert an animation in presentation 
software. 

4.06 (0.95) 4.13 (1.15) 4.09 (1.03) 

I am able to edit a photo using image-processing 
software. 

4.02 (0.97) 4.25 (1.07) 4.11 (1.01) 

I am able to set up a printer. 4.02 (1.02)a 3.38 (1.36)a 3.77 (1.20) 
Computer literacy 4.06 (0.81) 3.88 (1.04) 3.99 (0.90) 
Global ICT skill 4.03 (0.61) 3.89 (0.79) 3.97 (0.68) 
ap<0.05 

In the results obtained for ICT skill, it can be observed that of the 17 items that 

students were asked to answer according to their success in developing the task, only in two 

of them did male participants get slightly better results. One of the items deals with being 

able to use ICT to appropriately process the obtained information where male participants (M 

= 3.88) considered themselves to be more able than female participants (M = 3.38) did. In 

contrast, the other item deals with being able to set up a printer (e.g. installing printer drivers) 

where male participants (M = 4.02) thought themselves to be more able than female 

participants (M = 3.38) did. 

Table 18 shows the differences between students’ science previous knowledge 

depending on students’ gender. 

Table 18 
Differences of students’ science previous knowledge depending on students’ gender 
(Men/Women) (N = 82) 
 Male students Female students TOTAL) 

M (SD) M (SD) M (SD) 
Handling isolated information without 
transforming the content in any way. 

5.88 (1.48)a 4.97 (1.63)a 5.52 (1.59)a 

Connecting concepts and ideas from more than 
one information source. 

2.76 (1.83) 2.63 (1.93) 2.71 (1.86) 

Thinking about concepts and developing 
complex conceptual frameworks. 

4.18 (2.32)a 3.16 (1.78)a 3.78 (2.17)a 

Global previous knowledge  12.88 (3.99)a 10.78 (3.81)a 12.06 (4.03)a 
ap<0.05 
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In addition, male participants again stand out on the students’ previous scientific 

knowledge (M = 12.88) compared to the results of female participants (M = 10.78). 

Nevertheless, none of them successfully passed the initial scientific knowledge assessment 

that was evaluated out of 30 points. By contrast, on the first activity from the assessment 

which required  students to handle isolated information without transforming the content in 

any way, male participants succeeded and passed this activity (M = 5.88) which was 

evaluated out of 10 points, while female participants were not able to pass the first activity of 

the assessment (M = 4.97). Additionally, the third activity of the assessment that demanded 

that the students think about concepts and develop complex conceptual frameworks is also 

better developed by male participants (M = 4.18) than female participants (M = 3.16). 

However, neither male participants nor female participants passed the activity that was 

evaluated out of 10 points. 

Table 19 shows the differences between students’ final science knowledge depending 

on students’ gender. 

Table 19 
Differences of students’ science final knowledge depending on students’ gender 
(Men/Women) (N = 82). 
 Male students Female students TOTAL) 

M (SD) M (SD) M (SD) 
Handling isolated information without 
transforming the content in any way. 

8.50 (1.21)a 7.53 (1.79)a 8.12 (1.53) 

Connecting concepts and ideas from more than 
one information source. 

5.12 (1.61) 4.81 (1.99) 5.00 (1.76) 

Thinking about concepts and developing 
complex conceptual frameworks. 

6.14 (1.90) 5.59 (2.19) 5.93 (2.02) 

Global final knowledge  19.74 (3.26)a 17.96 (4.44)a 19.04 (3.84) 
ap<0.05 

According to the results obtained on students’ science final knowledge, male 

participants again get better results (M = 19.74) compared to the results of female participants 

(M = 17.96). However, both of them successfully passed the final science knowledge 

assessment that was evaluated out of 30 points. Coherently, on the first activity from the 

assessment which demanded that students handle isolated information without transforming 

the content in any way, male participants (M = 8.50) and female participants (M = 7.53) 
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succeeded and passed this activity which was evaluated out of 10 points, despite the fact that 

female participants had a lower mark. 

Based on the analysis of the results presented in the previous section, two main 

considerations can be discussed: 

a) Male participants are slightly better than female participants are on specific items 

of certain individual aspects. 

The obtained results show that male participants are slightly better than female 

participants are on specific items of certain individual aspects.  

Firstly, regarding the differences between students’ reading skills male participants 

are better than female participants in one of the three items considered, which deals with 

answering reading questions that demanded text reflection of content and form of them. 

Secondly, regarding the differences between students’ ICT skills, the male participants are 

better than the female participants are in two of the seventeen items considered, which deal 

with being able to use ICT to appropriately process the obtained information and with being 

able to set up a printer. Thirdly, regarding the differences between students’ previous and 

final science knowledge, the results demonstrate that male participants are better than female 

participants in the global results of assessment. 

The findings are consistent with available literature on the topic, which states that 

despite the fact that females obtain higher grades in school in every subject, it has been 

shown that females score significantly lower on many standardized assessment, which 

include both language and scientific items (Halpern et al., 2007). In addition, according to 

Ryan, Willingham and Cole (1999), females also score lower than males, on average, in 

science when the assessments are not closely related to material that has been taught in 

school (despite getting higher grades in school-based exams). Accordingly, O’Reilly and 

McNamara (2007) observed that male students scored higher on scientific knowledge and on 
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reading comprehension. To be more specific, in terms of the format of questions and 

differences by gender on content-based assessments, males were shown to score higher on 

both multiple choice and open-ended questions than females (O’Reilly & McNamara, 2007; 

Penner, 2003).  

However, the results obtained through the current research study present a small 

difference between the two genders which might be statistically but not practically 

meaningful. In addition, there is no particular factor by itself that has been revealed to 

establish gender distinctions. Previous experience, biological conditions, educational 

guidelines, and cultural background each have effects, and these effects interact in complex 

and occasionally unpredictable ways (Halpern et al., 2007).  

b) Both genders succeed and pass the science final knowledge assessment. 

The results presented demonstrate that despite the fact that male participants are 

slightly better than female participants on final science knowledge, both succeed and pass the 

final science knowledge assessment after having participated in the science didactic sequence 

about illnesses and health designed in an IWBL environment.  

From my point of view, these results may demonstrate that the instruction received by 

the students about IPS embedded in science curricular content and developed in an IWBL 

environment, was effective for both groups of students independently of their gender, because 

both genders improved their final mark compared to the initial one and were able to pass with 

merit the science final knowledge assessment. 

The findings are consistent with the available literature on the topic, which states that 

thanks to an IPS instruction embedded in science curricular content and developed in an 

IWBL environment, students have increased their learning outcomes in scientific knowledge 

by showing a higher knowledge on illnesses and health after the instruction had been 

accomplished (Alfieri et al., 2011; Argelagós & Pifarré, 2012). 
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6.2. Research Question 2: Is there any relationship between certain students’ individual 

characteristics and the students’ performance improvement when scanning information 

skill? 

In order to analyze possible significant relationships between students’ individual 

characteristics and their improvement when scanning information and processing information 

skills are performed, several Pearson correlations were developed. 

The results developed in this section deal with the possible relationship between 

certain individual skills and the scanning information skill achievement. 

Table 20 shows the correlations between students’ reading skill and their 

improvement when scanning information skill performance. 
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Table 20 
Relations between students' reading skill and scanning information skill performance (N = 82) 

 M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Students’ reading skill 
1. Info retrieval 3.10 (1.59) -                      
2. Info integration 5.45 (2.09) 0.60b -                     

3. Text reflection 2.99 (1.24) 0.41b 0.56b -                    

4. Global reading skill 11.54 (4.12) 0.81b 0.91b 0.74b -                   
Scanning information skill performance for task 1 
5. Time scanning useful info -135.57 (119.53) -0.15 -0.10 -0.05 -0.12 -                  
6. Time scanning useless info -233.76 (140.99) -0.16 -0.07 -0.14 -0.14 0.65b -                 

7. Time scrolling info 14.52 (17.32) 0.15 0.24a 0.30b 0.27 a -0.19 -0.36b -                

8. Nº slides lineally read -5.88 (4.59) -0.17 -0.06 -0.11 -0.13 0.68b 0.59b -0.16 -               

9. Nº slides scanned 3.51 (3.23) 0.13 -0.03 0.05 0.05 -0.14 -0.17 0.10 -0.00 -              

10. Nº slides scrolled 13.85 (16.10) 0.14 0.23a 0.34b 0.27a -0.09 -0.30b 0.91b -0.10 0.14 -             
Scanning information skill performance for task 2 

11. Time scanning useful info -129.76 (118.39) -0.05 -0.11 -0.17 -0.11 -0.26a -0.13 0.01 -0.08 -0.24a -0.01 -            

12. Time scanning useless info -42.24 (55.33) -0.03 0.05 0.06 0.03 -0.22a -0.29b 0.19 -0.14 -0.03 0.20 0.50b -           

13. Time scrolling info -12.33 (25.99) -0.08 -0.18 -0.12 -0.16 -0.05 -0.14 0.07 0.06 -0.10 0.03 0.34b 0.13 -          

14. Nº slides lineally read -10.41 (8.55) -0.13 -0.10 -0.14 -0.14 -0.21 -0.15 0.18 -0.03 -0.27a 0.19 0.87b 0.43b 0.41b -         

15. Nº slides scanned 2.13 (5.61) -0.07 -0.26 a -0.16 -0.21 -0.11 0.06 -0.19 -0.11 -0.17 -0.24a 0.51b 0.09 0.35b 0.46b -        

16. Nº slides scrolled -11.17 (24.57) -0.03 -0.16 -0.13 -0.13 -0.09 -0.18 0.12 0.03 -0.12 0.10 0.32b 0.12 0.93b 0.39b 0.34b -       
Scanning information skill performance for task 3 

17. Time scanning useful info -7.41 (45.45) 0.08 -0.01 -0.10 -0.01 -0.08 -0.03 -0.01 -0.06 -0.17 -0.11 0.15 -0.14 0.08 0.21 0.28a 0.12 -      

18. Time scanning useless info -10.15 (35.70) 0.12 0.02 0.13 0.09 -0.14 -0.19 0.06 -0.29 b 0.05 0.12 0.02 0.17 0.03 -0.10 -0.02 0.03 -0.18 -     

19. Time scrolling info 0.91 (13.57) -0.02 -0.09 -0.16 -0.10 0.02 -0.05 -0.08 -0.01 -0.25a -0.06 -0.05 -0.04 0.12 -0.03 0.12 0.13 0.24a -0.08 -    

20. Nº slides lineally read -1.34 (3.62) 0.14 -0.01 -0.00 0.05 -0.07 -0.08 -0.01 -0.17 -0.16 -0.03 0.20 0.04 0.07 0.22a 0.18 0.15 0.73b 0.25a 0.21 -   

21. Nº slides scanned 1.11 (3.51) 0.02 -0.05 -0.16 -0.07 -0.14 -0.07 -0.14 -0.16 -0.08 -0.15 -0.04 -0.20 -0.05 -0.04 0.17 -0.02 0.45b 0.02 0.23a 0.27a -  

22. Nº slides scrolled 0.30 (11.94) -0.06 -0.14 -0.16 -0.15 0.06 -0.04 -0.11 0.05 -0.22 -0.05 -0.06 -0.07 0.15 -0.03 0.16 0.18 0.25a -0.06 0.91b 0.26a 0.23a - 
ap<0.05; bp<0.01 
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The results obtained from the analysis show a high, positive and significant 

relationship between the amount of information scrolled through in task 1 and students’ 

reading skill.  

Firstly, the analysis of the relation between “time scrolling for information” in task 1 

and “information integration” shows that a high positive correlation exists [r = 0.24, p<0.05].  

Secondly, the relation between “time scrolling for information” in task 1 and “text reflection” 

demonstrates that a high positive correlation exists between them [r = 0.30, p<0.01]. Thirdly, 

the variable “time scrolling for information” in task 1 also correlates positively and 

significantly with the “global reading skill” [r = 0.27, p <0.05]. 

Coherently with the previous results mentioned, “the number of slides scrolled” in 

task 1 is again significantly correlated with “information integration” [r = 0.23, p<0.05], with 

“text reflection” [r = 0.34, p<0.01] and with the “global reading skill” [r = 0.27, p <0.05]. 

However, there are not many significant correlations between students’ reading skill 

and the scanning information skill performance in task 2. In fact, there is only one significant 

negative correlation between “the number of slides scanned” in task 2 and “information 

integration” [r = -0.26, p <0.05]. 

No relationships were found between scanning information skill performance in task 3 

and students’ reading skill. 

These results indicate, in our research, that the students’ reading skill is only 

significantly positively correlated with the amount of information scrolled through in task 1, 

which means that students with greater reading skill develop more scanning strategies to 

select the appropriate information to answer multiple-choice questions. As the students 

become familiar with the information provided to be consulted for the resolution of the 

different tasks suggested, this significant correlation disappears and there is not a significant 
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correlation between students’ reading skill and the scanning information skill performance 

for task 2 and task 3. 

Table 21 shows the correlations between students’ ICT skills and their achievement 

during the scanning information skill performance.  
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Table 21 
Relations between students' ICT skill and scanning information skill performance (N = 82) 

 M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Students’ ICT skill 

1. Info literacy 
3.71 (0.82)

 
-                      

2. Internet literacy 4.45 (0.91) 0.54b -                     
3. Computer literacy 3.99 (0.90) 0.46b 0.70b -                    

4. Global ICT skill 3.97 (0.68) 0.77b 0.86b 0.84b -                   
Scanning information skill performance for task 1 

5. Time scanning useful info -135.57 (119.53) 0.07 0.10 0.08 0.15 -                  

6. Time scanning useless info -233.76 (140.99) 0.04 0.01 0.04 0.05 0.65b -                 

7. Time scrolling info 14.52 (17.32) 0.25a 0.19 0.10 0.22 -0.19 -0.36b -                

8. Nº slides lineally read -5.88 (4.59) 0.20 0.12 0.07 0.17 0.68b 0.59b -0.16 -               

9. Nº slides scanned 3.51 (3.23) 0.06 -0.05 -0.14 -0.03 -0.14 -0.17 0.10 -0.00 -              

10. Nº slides scrolled 13.85 (16.10) 0.29b 0.16 0.06 0.20 -0.09 -0.30b 0.91b -0.10 0.14 -             
Scanning information skill  performance for task 2 

11. Time scanning useful info -129.76 (118.39) -0.10 -0.03 -0.01 -0.04 -0.26 a -0.13 0.01 -0.08 -0.24a -0.01 -            

12. Time scanning useless info -42.24 (55.33) 0.10 -0.02 -0.01 0.05 -0.22 a -0.29b 0.19 -0.14 -0.03 0.20 0.50b -           

13. Time scrolling info -12.33 (25.99) -0.28a -0.06 0.01 -0.09 -0.05 -0.14 0.07 0.06 -0.10 0.03 0.34b 0.13 -          

14. Nº slides lineally read -10.41 (8.55) -0.10 0.07 0.08 0.02 -0.21 -0.15 0.18 -0.03 -0.27 a 0.12 0.87b 0.43b 0.41b -         

15. Nº slides scanned 2.13 (5.61) -0.24a -0.11 -0.09 -0.15 -0.11 0.06 -0.19 -0.11 -0.17 -0.24 a 0.51b 0.09 0.35b 0.46b -        

16. Nº slides scrolled -11.17 (24.57) -0.25a -0.04 -0.02 -0.10 -0.09 -0.18 0.12 0.03 -0.12 0.10 0.32b 0.12 0.93b 0.39b 0.34b -       
Scanning information skill  performance for task 3 

17. Time scanning useful info -7.41 (45.45) -0.06 0.14 0.13 0.06 -0.08 -0.03 -0.01 -0.06 -0.17 -0.11 0.15 -0.14 0.08 0.21 0.28 a 0.12 -      

18. Time scanning useless info -10.15 (35.70) 0.05 -0.05 -0.15 -0.03 -0.14 -0.19 0.06 -0.29b 0.05 0.12 0.02 0.17 0.03 -0.01 -0.02 0.03 -0.18 -     

19.Time scrolling info 0.91 (13.57) -0.10 -0.08 -0.11 -0.11 0.02 -0.05 -0.08 -0.01 -0.25 a -0.06 -0.05 -0.04 0.12 -0.03 0.12 0.13 0.24a -0.08 -    

20. Nº slides lineally read -1.34 (3.62) -0.10 0.10 0.04 0.03 -0.07 -0.08 -0.01 -0.17 -0.16 -0.03 0.20 0.04 0.07 0.22 a 0.18 0.15 0.73b 0.25 a 0.21 -   

21. Nº slides scanned 1.11 (3.51) 0.06 -0.05 -0.01 -0.05 -0.14 -0.07 -0.14 -0.16 -0.08 -0.15 -0.04 -0.20 -0.05 -0.04 0.17 -0.02 0.45b 0.02 0.23a 0.27a -  

22. Nº slides scrolled 0.30 (11.94) -0.14 -0.08 -0.11 -0.12 0.06 -0.04 -0.11 0.05 -0.22 -0.05 -0.06 -0.07 0.15 -0.03 0.16 0.18 0.25a -0.06 0.91b 0.26a 0.23a - 
ap<0.05; bp<0.01 
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The results derived from the analysis show a high, positive and significant 

relationship between the amount of information scrolled through in task 1 and information 

literacy.   

The analysis of the relation between “time scrolling for information” in task 1 and 

“information literacy” shows that a high positive correlation exists [r = 0.25, p<0.05].  In 

addition, the relation between “number of slides scrolled” in task 1 and “information literacy” 

again demonstrates that a high positive correlation exists between them [r = 0.29, p<0.01].  

Contrary to the previous results mentioned, there are three significant negative 

correlations between some variables that define the scanning information skill performance 

for task 2 and students’ information literacy. The first negative correlation is between the 

“time scrolling information” and “information literacy” [r = -0.28, p<0.05]. The second 

negative correlation is between the “number of slides scanned” and “information literacy” [r 

= -0.24, p<0.05]. The last negative correlation is between the “number of slides scrolled” and 

“information literacy” [r = -0.25, p<0.05]. 

As happened with the correlations between students’ reading skill and scanning 

information skill performance of task 3, again no relationships were found between students’ 

ICT skill and scanning information skill performance in task 3. 

The obtained results show, in our investigation, that the students’ ICT skill is 

meaningfully positively correlated with the amount of information scrolled through in task 

1.Students with greater information literacy use more scanning strategies to develop task 1. 

Hence, students’ information literacy is negatively correlated with the amount of information 

scrolled through in task 2 and the number of the slides scanned, which may indicate that after 

students with greater information literacy have been familiarized with the information in task 

1 they need to develop less strategies for scanning information because the students already 

know where to find the appropriate information to construct the conceptual map in task 2. 
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Conversely, when students have to develop the scanning information skill in task 3 there is no 

difference between students with greater information literacy and the way in which the 

scanning information skill is performed in task 3, which is to write a specific text. This may 

indicate that as students become familiar with the information provided the information 

literacy on the topic is less important in order to perform the scanning information skill. 

Table 22 shows the correlations between students’ previous knowledge on illnesses 

and health and their achievement in scanning information skill performance.  
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Table 22 
Relations between students' previous knowledge and scanning information skill performance (N = 82) 

 M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Students’ previous knowledge 

1. Multiple choice questions 5.52 (1.59) -                      

2. Conceptual map 2.71 (1.86) 0.36b -                     

3. Specific writing 3.78 (2.17) 0.24 a 0.28 a -                    

4. Global previous knowledge 12.06 (4.03) 0.67b 0.73b 0.76b -                   
Scanning information skill performance for task 1 

5. Time scanning useful info -135.57 (119.53) 0.00 -0.10 -0.08 -0.08 -                  

6. Time scanning useless info -233.76 (140.99) -0.00 -0.08 -0.08 -0.08 0.65b -                 

7. Time scrolling info 14.52 (17.32) 0.17 0.26a 0.11 0.24a -0.19 -0.36b -                

8. Nº slides lineally read -5.88 (4.59) 0.04 -0.08 -0.07 -0.06 0.68b 0.59b -0.16 -               

9. Nº slides scanned 3.51 (3.23) 0.09 0.31b 0.16 0.26a -0.14 -0.17 0.10 -0.00 -              

10. Nº slides scrolled 13.85 (16.10) 0.18 0.24a 0.14 0.25a -0.09 -0.30b 0.91b -0.10 0.14 -             
Scanning information skill performance for task 2 

11. Time scanning useful info -129.76 (118.39) -0.17 -0.21 -0.02 -0.18 -0.26a -0.13 0.01 -0.08 -0.24a -0.01 -            

12. Time scanning useless info -42.24 (55.33) -0.08 0.08 0.04 0.02 -0.22 a -0.29b 0.19 -0.14 -0.03 0.20 0.50b -           

13. Time scrolling info -12.33 (25.99) 0.22a -0.05 0.08 0.10 -0.05 -0.14 0.07 0.06 -0.10 0.03 0.34b 0.13 -          

14. Nº slides lineally read -10.41 (8.55) -0.17 -0.24a 0.01 -0.18 -0.21 -0.15 0.18 -0.03 -0.27a 0.12 0.87b 0.43b 0.41b -         

15. Nº slides scanned 2.13 (5.61) -0.02 -0.12 -0.06 -0.10 -0.11 0.06 -0.19 -0.11 -0.17 -0.24a 0.51b 0.09 0.35b 0.46b -        

16. Nº slides scrolled -11.17 (24.57) 0.18 -0.09 0.04 0.04 -0.09 -0.18 0.12 0.03 -0.12 0.10 0.32b 0.12 0.93b 0.39b 0.34b -       
Scanning information skill performance for task 3 

17. Time scanning useful info -7.41 (45.45) 0.02 -0.00 -0.06 -0.03 -0.08 -0.03 -0.01 -0.06 -0.17 -0.11 0.15 -0.14 0.08 0.21 0.28a 0.12 -      

18. Time scanning useless info -10.15 (35.70) 0.32b 0.07 0.13 0.22a -0.14 -0.19 0.06 -0.29 b 0.05 0.12 0.02 0.17 0.03 -0.10 -0.02 0.03 -0.18 -     

19. Time scrolling info 0.91 (13.57) 0.14 -0.01 -0.18 -0.04 0.02 -0.05 -0.08 -0.01 -0.25a -0.06 -0.05 -0.04 0.12 -0.03 0.12 0.13 0.24a -0.08 -    

20. Nº slides lineally read -1.34 (3.62) 0.16 -0.10 -0.01 0.01 -0.07 -0.08 -0.01 -0.17 -0.16 -0.03 0.20 0.04 0.07 0.22a 0.18 0.15 0.73b 0.25a 0.21 -   

21. Nº slides scanned 1.11 (3.51) 0.05 0.09 0.06 0.08 -0.14 -0.07 -0.14 -0.16 -0.08 -0.15 -0.04 -0.20 -0.05 -0.04 0.17 -0.02 0.45b 0.02 0.23a 0.27a -  

22. Nº slides scrolled 0.30 (11.94) 0.16 -0.05 -0.08 -0.00 0.06 -0.04 -0.11 0.05 -0.22 -0.05 -0.06 -0.07 0.15 -0.03 0.16 0.18 0.25a -0.06 0.91b 0.26a 0.23a - 
ap<0.05; bp<0.01 



CHAPTER 6. RESULTS AND DISCUSSION                                                                                    177 
 

 
 

The results derived from the analysis show a high, positive and significant 

relationship between the amount of information scanned using scanning strategies in task 1 

and students’ previous knowledge in question 2 which consists in the creation of a conceptual 

map and students’ global previous knowledge.   

The analysis of the relation between “time scrolling information” in task 1 and 

“conceptual map” shows that a high positive relation exists[r = 0.26, p<0.05]. The same 

happens with the relation between “time scrolling information” in task 1 and the students’ 

“global previous knowledge”[r = 0.24, p<0.05].In addition, the relation between “number of 

slides scanned” in task 1 and “conceptual map” demonstrates that a high positive relation 

exists between them [r = 0.31, p<0.01]. The same happens with the relation between “number 

of slides scanned” in task 1 and the students’ “global previous knowledge”[r = 0.26, 

p<0.05].Again with “number of slides scrolled” in task 1 and “conceptual map”  for the 

previous knowledge assessment a significant positive relation exists between them [r = 0.24, 

p<0.05].A similar thing occurs with the relation between “number of slides scrolled” in task 1 

and the students’ “global previous knowledge”[r = 0.25, p<0.05]. 

For scanning information skill in task 2 there exist two significant relations. One 

significant positive correlation is established between the “time scrolling information” and 

the students’ development of “multiple-choice questions” in the previous knowledge 

assessment [r = 0.22, p<0.05].  One significant negative correlation exists between the 

“number of slides lineally read” and the students’ development of “conceptual map” creation 

in the previous knowledge assessment [r = -0.24, p<0.05].   

Finally, there are two correlations which are difficult to explain which show that the 

students’ who performed better in “multiple choice questions” in the previous knowledge 

assessment  spent more “time scanning useless information” in task 3 development [r = 0.32, 

p<0.05]. The same thing happens with the relation between students’ “global previous 
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knowledge” and “time scanning useless information” in task 3 development [r = 0.22, 

p<0.05]. 

The acquired results show, in our analysis, that the students’ previous knowledge is 

meaningfully positively correlated with the amount of information scrolled through and 

scanned in task 1. Students who better perform in the conceptual map question and in the 

global previous knowledge assessment use more scanning strategies to develop task 1. These 

students also spent more time scrolling through information in task 2 as well as reading less 

number of slides lineally in task 2. Conversely, when students have to develop the scanning 

information skill in task 3 there is no difference between students with greater previous 

knowledge and the way in which the scanning information skill is performed in task 3, which 

is to write a specific text. This may indicate that as students become familiar with the 

information provided, the previous knowledge on the topic is less important in order to 

perform the scanning information skill.  

Based on the analysis of the results presented in the previous section, four main 

considerations can be discussed:  

a) There are not many significant correlations between students’ individual skills and 

students’ improvement of scanning information skill performance. 

From my point of view, these results could indicate that the difference in students’ 

performance of  the scanning information skill before and after the instruction received by the 

students, is not highly influenced by the students’ individual skills, which could let to think 

that it is influenced by the instruction received which was based on IBL. These results 

obtained together with the ones that will be below be presented may open a door to 

demonstrate a highlighting fact, which is that the instruction designed helps students to 

improve the performance of the scanning information skill regardless of the individual 

characteristics of the students.  
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The findings are modestly consistent with available literature on the topic, since 

research studies which have focused their attention on analyzing the possible relations 

between students’ individual skills and students’ performance of certain specific skills such 

as scanning information or processing information are scarce (Hahnel, Goldhammer, 

Naumann, & Kröhne, 2016). 

b) Students’ reading skill seems to be correlated to the amount of information 

scrolled through by students in task 2. 

From my point of view, these results might indicate that students’ reading skill is 

quite closely related with the way in which students develop scanning skills, when they are 

asked to perform an activity which asks them to connect concepts and ideas from a given text 

in order to create a partly constructed conceptual map. 

Outcomes are consistent with some previous research studies developed such as the 

one developed by Hahnel, Goldhammer, Naumann and Kröhne (2016) who observed that 

students who were skilled in reading linear texts were estimated to understand and relate 

significant concepts presented on nodes in the hypertexts. Coherently, Salmerón et al. (2017) 

emphasizes that skilled readers scanned quicker and revisited segments of the hypertext that 

did not contain relevant information less often, especially in integrated questions. 

However, Potocki et al. (2017) specifies that in their research study the differences 

observed in students’ strategies development were not related to the participants decoding of 

comprehension skills but rather to their knowledge of reading strategies. 

c) Students’ ICT skill only has a significant positive correlation with students’ 

scanning information skill performance, only students’ information literacy seems 

to be related to the amount of information scrolled through in tasks 1 and 2. 

From my point of view, these results possibly indicate that from the different items 

which form the ICT skill the one which has a major correlation with the IPS skills analyzed is 
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the information literacy skill, which is closely related to the IPS process because it deals with 

the capacity of the students to identify information needs, assess information quality, manage 

information, use information effectively and ethically and create and communicate 

knowledge through the application of information (Lau & Yuen, 2014). 

The results presented are roughly on the same line as the results obtained by Coiro 

(2011) who suggested that students reading skills and ICT skills were important prerequisites 

for an effective digital reading since data showed that skilled readers with ICT skills were 

better at locating information from hypertext.  

However, there are not enough research studies that focus their attention on the 

possible relation between students’ ICT skills and their IPS task performance to establish 

more relations or differences with previous research studies (Hahnel, Goldhammer, 

Naumann, & Kröhne, 2016). 

d) Students’ previous knowledge seems to be correlated to the amount of information 

scrolled through and scanned by students in task 1. 

From my point of view, these results could point out that students with greater 

previous knowledge use more scanning strategies to develop task 1 because they know where 

to locate the information they are searching for and they do not need to read all the 

information given in a lineal way to solve the task. 

The results obtained agree with previous research studies which state that there could 

be a narrow relationship between students’ previous knowledge and their decisions on 

selecting a particular piece of information (Rouet et al., 2011). For instance, Wood et al. 

(2016) examined how students’ previous domain knowledge and students’ level of expertise 

in search skills influenced the way in which students scanned information on the Internet. 

Data revealed that the combination of high search expertise and high previous domain 
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knowledge produced most effective searches since students with higher previous domain 

knowledge accessed more thorough the sites.  

Similarly, students who have less previous knowledge may be more limited to 

effectively perform different problem solving processes which could mean that they do not 

use scanning strategies since they feel the need to lineally read each piece of information 

provided to solve the task suggested (Kim & Hannafin, 2011). 
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6.3. Research Question 3: Are there any relations between students’ individual 

characteristics and the students’ performance improvement when processing 

information skill? 

The results developed in this section deal with the possible relation between certain 

individual skills and the improvement of processing information skill performance. 

Table 23 shows the correlations among students’ reading skill and their improvement 

when processing information skill performance.  
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Table 23 
Relations between students' reading skill and processing information skill performance (N = 82) 

 M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Students’ reading skill 

1. Info retrieval 3.10 (1.59) - 

2. Info integration 5.45 (2.09) 0.60b -                  

3. Text reflection 2.99 (1.24) 0.41b 0.56b -                 

4. Global reading skill 11.54 (4.12) 0.81b 0.91b 0.74b -                
Processing information skill  performance for task 1 

5. Time processing info -32.29 (34.15) -0.14 -0.04 -0.19 -0.13 -               

6. Nº correct answers consulted 1.57 (1.89) 0.04 0.10 0.19 0.12 0.19 -              

7. Nº correct answers non-consulted -1.37 (1.80) -0.14 -0.10 -0.17 -0.15 -0.18 -0.92b -             

8. Nº incorrect answers consulted -0.09 (0.50) 0.12 -0.09 -0.02 -0.01 0.08 -0.07 -0.16 -            

9. Nº incorrect answers non-consulted -0.12 (0.61) 0.19 0.07 -0.08 0.08 -0.12 -0.33b 0.05 -0.15 -           
Processing information skill  performance for task 2 

10. Time processing info -89.18 (110.52) 0.03 -0.10 -0.28b -0.13 0.09 -0.04 -0.04 0.17 0.09 -          

11. Nº correct answers consulted 3.27 (3.80) -0.03 -0.28a -0.23a -0.22a -0.11 -0.07 0.05 0.01 0.05 0.25a -         

12. Nº correct answers non-consulted 1.80 (2.51) 0.10 0.19 -0.01 0.13 0.09 0.14 -0.18 0.01 0.10 0.09 -0.46b -        

13. Nº incorrect answers consulted -3.01 (2.21) 0.08 0.06 0.12 0.10 -0.08 0.03 -0.05 0.01 0.06 0.15 -0.31b -0.20 -       

14. Nº incorrect answers non-consulted -2.06 (3.08) -0.11 0.15 0.21 0.10 0.12 -0.04 0.12 -0.03 -0.19 -0.49b -0.64b -0.11 -0.18 -      
Processing information skill  performance for task 3 

15. Time processing info -46.89 (113.51) 0.13 -0.08 -0.19 -0.05 -0.13 -0.21 0.18 0.11 0.05 0.13 0.16 0.01 -0.00 -0.20 -     

16. Nº correct answers consulted 0.77 (2.18) 0.07 -0.16 -0.12 -0.09 -0.10 -0.20 0.18 -0.10 0.18 0.00 0.18 -0.00 -0.03 -0.29 0.47b -    

17. Nº correct answers non-consulted 0.23 (1.54) 0.03 0.24a 0.12 0.17 0.10 0.19 -0.15 -0.01 -0.14 0.06 -0.11 0.13 0.10 -0.04 -0.08 -0.52b -   

18. Nº incorrect answers consulted -0.49 (0.86) 0.01 0.02 -0.04 0.00 -0.18 -0.00 0.01 -0.04 0.00 0.09 0.03 -0.10 0.09 -0.02 0.07 -0.32b -0.09 -  

19. Nº incorrect answers non-consulted -0.52 (1.72) -0.12 -0.02 0.07 -0.04 0.12 0.09 -0.09 0.15 -0.11 -0.10 -0.16 -0.06 -0.08 0.31b -0.56b -0.64b -0.20 -0.03 - 
ap<0.05; bp<0.01 
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The results obtained from the analysis show a high, negative and significant 

relationship between the number of correct answers consulted in task 2 and students’ reading 

skill.   

In addition, the analysis of the correlation between “time processing information” in 

task 2 and students’ “text reflection” shows that a high negative correlation exists [r = -0.28, 

p<0.01].  This result may reveal that students that better develop text reflection need less time 

to process the information in order to achieve task 2, which consists of a conceptual map 

construction. 

According to the correlation between “number of correct answers consulted” in task 2 

and the different variables that compose the students’ reading skill, the results show that 

firstly, students who are better in “information integration” have a high negative correlation 

with the “number of correct answers consulted [r = -0.28, p<0.05]. Secondly, students who 

are better at “text reflection” also have a high negative correlation with the “number of 

correct answers consulted [r = -0.23, p<0.05]. Finally, students who are better in the “global 

reading skill” again have a high negative correlation with the “number of correct answers 

consulted [r = -0.22, p<0.05].  These results obtained, may demonstrate that students with 

greater reading skill do not need to consult the information in order to answer the questions 

for task 2 which consist of establishing relations between different concepts through a 

conceptual map construction. 

Coherently with the previous results mentioned, “the number of correct answers non-

consulted” in task 3 is significantly positively correlated with students’ ability in 

“information integration” [r = 0.24, p<0.05], which may indicate that students who have 

better information integration abilities also answer more correct answers without consulting 

in task 3, because they do not need to consult information in order to achieve task 3. 
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Table 24 shows the correlations between students’ ICT skill and their improvement 

when processing information skill performance. 
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Table 24 
Relations between students' ICT skill and processing information skill performance (N = 82) 

 

 

 M(SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Students’ ICT skill 

1. Info literacy 
3.71 (0.82) 

 
-  

2. Internet literacy 4.45 (0.91) 0.54b -                  

3. Computer literacy 3.99 (0.90) 0.46b 0.70b -                 

4. Global ICT skill 3.97 (0.68) 0.77b 0.86b 0.84b -                
Processing information skill performance for task 1 

5. Time processing info -32.29 (34.15) 0.01 -0.06 0.07 -0.03 -               

6. Nº correct answers consulted 1.57 (1.89) 0.24b 0.05 0.03 0.11 0.19 -              

7. Nº correct answers non-consulted -1.37 (1.80) -0.21 -0.07 -0.03 -0.13 -0.18 -0.92b -             

8. Nº incorrect answers consulted -0.09 (0.50) -0.10 -0.02 -0.03 -0.02 0.08 -0.07 -0.16 -            

9. Nº incorrect answers non-consulted -0.12 (0.61) -0.07 0.08 0.02 0.04 -0.12 -0.33b 0.05 -0.15 -           
Processing information skill performance for task 2 

10. Time processing info -89.18 (110.52) -0.21 -0.12 -0.02 -0.13 0.09 -0.04 -0.04 0.17 0.09 -          

11. Nº correct answers consulted 3.27 (3.80) -0.28a -0.12 -0.05 -0.19 -0.11 -0.07 0.05 0.01 0.05 0.25a -         

12. Nº correct answers non-consulted 1.80 (2.51) 0.12 0.06 0.06 0.08 0.09 0.14 -0.18 0.01 0.10 0.09 -0.46b -        

13. Nº incorrect answers consulted -3.01 (2.21) 0.08 0.05 0.12 0.16 -0.08 0.03 -0.05 0.01 0.06 0.15 -0.31b -0.20 -       

14. Nº incorrect answers non-consulted -2.06 (3.08) 0.19 0.06 -0.08 0.05 0.12 -0.04 0.12 -0.03 -0.19 -0.49b -0.64b -0.11 -0.18 -      
Processing information skill performance for task 3 

15. Time processing info -46.89 (113.51) -0.12 0.10 0.21 0.09 -0.13 -0.21 0.18 0.11 0.05 0.13 0.16 0.01 -0.00 -0.20 -     

16. Nº correct answers consulted 0.77 (2.18) -0.11 0.02 -0.03 -0.07 -0.10 -0.20 0.18 -0.10 0.18 0.00 0.18 -0.00 -0.03 -0.20 0.47b -    

17. Nº correct answers non-consulted 0.23 (1.54) 0.17 -0.01 0.04 0.10 0.10 0.19 -0.15 -0.01 -0.14 0.06 -0.11 0.13 0.10 -0.04 -0.08 -0.52b -   

18. Nº incorrect answers consulted -0.49 (0.86) -0.01 -0.03 0.09 0.04 -0.18 -0.00 0.01 -0.04 0.00 0.09 0.03 -0.10 0.09 -0.02 0.07 -0.32b -0.09 -  

19. Nº incorrect answers non-consulted -0.52 (1.72) 0.00 0.00 -0.04 -0.02 0.12 0.09 -0.09 0.15 -0.11 -0.10 -0.16 -0.06 -0.08 0.31b -0.56b -0.64b -0.20 -0.03 - 
ap<0.05; bp<0.01 
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The results obtained from the analysis show that numerous significant correlations 

between students’ ICT skill and students’ processing information skill performance in all 

tasks do not exist. Only students with greater “information literacy” are shown to be 

significantly and positively correlated with the “number of correct answers consulted” in task 

1 [r = 0.24, p<0.05]. Conversely, students’ “information literacy” is shown to be considerably 

and negatively correlated with the “number of correct answers consulted” in task 2 [r = -0.28, 

p<0.05]. These results may indicate that students’ with better information literacy consult 

information in order to properly answer the multiple-choice questions of task 1. However, 

these students’ with greater information literacy do not need to consult information in order 

to answer the questions of task 2 which consist in constructing a conceptual map. 

No relationships were found between processing information skill performance in task 

3 and students’ reading skill. This may demonstrate that as students become familiar with the 

information to be processed the students’ reading skill is less important in order to perform 

the processing information skill in a determined way. 

Table 25 shows the correlations between students’ previous knowledge on illnesses 

and health and their improvement in processing information skill performance. 
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Table 25 
Relations between students' previous knowledge and processing information skill performance (N = 82) 

 M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Students’ previous knowledge 
1. Multiple choice question 5.52 (1.59) -   

2. Conceptual map 2.71 (1.86) 0.36b -                  

3. Specific writing 3.78 (2.17) 0.24a 0.28a -                 

4. Global previous knowledge 12.06 (4.03) 0.68b 0.73b 0.76b -                

Processing information skill performance for task 1 

5. Time processing info -32.29 (34.15) -0.16 0.07 -0.15 -0.11 -               

6. Nº correct answers consulted 1.57 (1.89) -0.03 0.18 0.17 0.15 0.19 -              

7. Nº correct answers non-consulted -1.37 (1.80) -0.01 -0.21 -0.13 -0.16 -0.18 -0.92b -             

8. Nº incorrect answers consulted -0.09 (0.50) 0.03 0.01 -0.15 -0.07 0.08 -0.07 -0.16 -            

9. Nº incorrect answers non-consulted -0.12 (0.61) 0.10 0.03 -0.02 0.05 -0.12 -0.33b 0.05 -0.15 -           

Processing information skill performance for task 2 

10. Time processing info -89.18 (110.52) -0.04 -0.15 -0.10 -0.14 0.09 -0.04 -0.04 0.17 0.09 -          

11. Nº correct answers consulted 3.27 (3.80) -0.09 -0.35b -0.20 -0.29b -0.11 -0.07 0.05 0.01 0.05 0.25a -         

12. Nº correct answers non-consulted 1.80 (2.51) 0.08 0.23a 0.04 0.15 0.09 0.14 -0.18 0.01 0.10 0.09 -0.46b -        

13. Nº incorrect answers consulted -3.01 (2.21) -0.04 0.24a 0.24 a 0.21 -0.08 0.03 -0.05 0.01 0.06 0.15 -0.31b -0.20 -       

14. Nº incorrect answers non-consulted -2.06 (3.08) 0.08 0.08 0.04 0.09 0.12 -0.04 0.12 -0.03 -0.19 -0.49b -0.64b -0.11 -0.19 -      
Processing information skill performance for task 3 

15. Time processing info -46.89 (113.51) -0.13 -0.12 -0.15 -0.18 -0.13 -0.21 0.18 0.11 0.05 0.13 0.16 0.01 -0.00 -0.20 -     

16. Nº correct answers consulted 0.77 (2.18) 0.22 0.06 -0.07 0.06 -0.10 -0.20 0.18 -0.10 0.18 0.00 0.18 -0.00 -0.03 -0.20 0.47b -    

17. Nº correct answers non-consulted 0.23 (1.54) -0.14 -0.04 0.04 -0.03 0.10 0.19 -0.15 -0.01 -0.14 0.06 -0.11 0.13 0.10 -0.04 -0.08 -0.52b -   

18. Nº incorrect answers consulted -0.49 (0.86) -0.22 -0.11 0.04 -0.11 -0.18 -0.00 0.01 -0.04 0.00 0.09 0.03 -0.10 0.09 -0.02 0.07 -0.32b -0.09 -  

19. Nº incorrect answers non-consulted -0.52 (1.72) -0.03 0.02 0.03 0.01 0.12 0.09 -0.09 0.15 -0.11 -0.10 -0.16 -0.06 -0.08 0.31b -0.56b -0.64b -0.20 -0.03 - 
ap<0.05; bp<0.01 
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The results derived from the analysis primarily illustrate that there are not many 

significant correlations between students’ previous knowledge and students’ processing 

information skill performance in the majority of the tasks. Students who perform better in the 

“conceptual map” question for the previous knowledge assessment are shown to be 

significantly and negatively correlated with the “number of correct answers consulted” in task 

2 [r = -0.35, p<0.01] but coherently these students are shown to have a significantly and 

positive correlation with the “number of correct answers non-consulted” in task 2 [r = 0.23, 

p<0.05]. On the other hand, students who demonstrate a better global previous knowledge are 

shown to have a significant and negative correlation with the “number of correct answers 

consulted” in task 2 [r = -0.29, p<0.01]. 

These results may indicate that students with better previous knowledge have less 

need to consult information in order to answer questions for task 2 and they answer the 

questions without consulting information because after having developed task 1 and having 

been familiarized with the information, they do not need to do it in order to succeed when 

answering the question.  

However, there are two correlations which are difficult to explain which show that as 

students’ perform better in “conceptual map” in the previous knowledge assessment the 

“number of incorrect answers consulted” increases in task 2 development [r = 0.24, p<0.05]. 

A similar thing happens with the correlation between students’ “specific writing” 

performance in the previous knowledge assessment and the “number of incorrect answers 

consulted” in task 2 development [r = 0.24, p<0.05]. 

Based on the analysis of the results presented in the previous section, three main 

considerations can be discussed:  

a) There are not many significant correlations between students’ individual skills and 

their achievement in processing information skill performance. 
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The results presented show that there are not many significant relations between 

students’ individual skills and their achievement in processing information skill performance.  

From my point of view, these results may indicate that the difference in students’ 

processing information skill performance before and after the instruction received by the 

students is not influenced by the students’ individual skills, but seems to be influenced by the 

instruction received based on IBL, as could have happened with the previous results obtained 

that do not show numerous significant relations between students’ individual skills and their 

achievement when scanning information skill performance. 

b) Students’ reading skill and students’ previous knowledge seem to be the 

individual skills that are most correlated with the students’ processing information 

skill performance especially in task 2. 

The acquired results demonstrate that students’ reading skill and students’ previous 

knowledge seem to be correlated with the students’ processing information skill performance 

in task 2. 

From my point of view, these results might indicate that students’ reading skill and 

students’ previous knowledge is significantly related to the way in which students develop 

the processing skill, when they are asked to complete an activity which mainly asks them to 

connect concepts and ideas from a given text in order to create a partly constructed 

conceptual map as happens in task 2. 

The results that connect students’ reading skill with students performance of 

processing skill are consistent with some previous research studies developed such as the one 

developed by Hahnel, Goldhammer, Naumann, & Kröhne (2016) who observed that students 

who were skilled in reading linear texts were estimated to understand and relate significant 

concepts presented on nodes in the hypertexts.  
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The results that connect students’ previous knowledge with students performance of 

processing skill agree with earlier research studies which affirm that there could be a narrow 

relationship between students’ previous knowledge and their time spent processing 

information since data revealed that the more previous knowledge participants had, the faster 

they were at processing the first search engine page (Rouet et al., 2011). However, 

researchers revealed that participants who had higher previous knowledge had also less 

tendency to use keywords extracted from the search problem statements in their initial search 

and during the following scanning for information.  

c) Students’ ICT skill only seems to have a positive significant correlation on 

students’ processing information skill performance, only students’ information 

literacy seem to be correlated with the number of students’ correct answers 

consulted in tasks 1 and 2. 

The obtained results reveal that students’ ICT skill only has a positive significant 

correlation on student’ processing information skill performance, only students’ information 

literacy seems to be correlated with the number of students’ correct answers consulted in 

tasks 1 and 2. 

From my point of view, as has been stated before, these results possibly indicate that 

from the different items which form the ICT skill, the one which has a major correlation with 

the IPS skills analyzed is the information literacy skill which is closely correlated to the IPS 

process because it deals with the capacity of the students to identify information needs, assess 

information quality, manage information, use information effectively and ethically and create 

and communicate knowledge through the application of information (Lau & Yuen, 2014). 

The results presented reveal the possibility that students with greater information 

literacy may be better at processing the information previously scanned in order to give a 

correct answer to the question given when they are required to handle isolated information 
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without transforming the content in any way and to connect concepts and ideas from more 

than one information source in a simple fashion, something that does not happen when 

students are required to think about concepts and develop complex conceptual frameworks as 

is required in task 3. 

The data obtained is consistent with previous empirical research studies which stated 

that students with powerful basic computer skills were able to find, access, and relocate 

information in digital environments, indirectly supporting their comprehension of digital text 

(Goldhammer et al., 2014; Hahnel et al., 2016; Naumann, 2015). However, there are none 

sufficient research studies that center their interest on the potential relation between students’ 

ICT skills and their IPS task development to establish more relations or differences with 

previous research studies (Hahnel, Goldhammer, Naumann, & Kröhne, 2016). 
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6.4. Research Question 4: Are there any relations between the improvement of students’ 

scanning information skill performance and students’ processing information skill 

performance in each task? 

The results shown in this section, deal with the possible relations between the 

improvement of students’ scanning information skill performance and students’ processing 

information skill performance. 

To start with, Table 26 shows the correlations between the improvement of students’ 

scanning information skill performance and students’ processing skill performance in task 1. 

Table 26 
Relations between students' scanning information skill performance and students' processing 
information skill performance in task 1 (N = 82) 

 1 2 3 4 5 6 7 8 9 10 11 
Scanning information skill performance for task 1 
1. Time scanning useful info -  
2. Time scanning useless info 0.65b -          
3.Time scrolling info -0.19 -0.36b -         
4. Nº slides lineally read 0.68b 0.59b -0.16 -        
5. Nº slides scanned -0.14 -0.17 0.10 -0.00 -       
6. Nº slides scrolled -0.09 -0.30b 0.91b -0.10 0.14 -      
Processing information skill performance for task 1 

7. Time processing info -0.03 -0.09 0.07 0.09 0.05 0.01 -     
8. Nº correct answers consulted -0.13 -0.40b 0.48b -0.02 0.36b 0.54b 0.19 -    
9. Nº correct answers non-consulted 0.16 0.46b -0.48b 0.09 -0.33b -0.51b -0.18 -0.92b -   
10. Nº incorrect answers consulted 0.07 -0.13 0.11 0.04 0.04 0.07 0.08 -0.07 -0.16 -  
11. Nº incorrect answers non-consulted -0.10 0.01 -0.17 -0.23a -0.15 -0.23a -0.12 -0.33b 0.05 -0.15 - 

ap<0.05; bp<0.01 

The results resultant from the analysis primarily illustrate that are numerous 

significant correlations between students’ scanning information skill performance and 

students’ processing information skill performance in task 1. In addition, several significant 

correlations exist between different variables of scanning information skill performance in 

task 1. However, only two significant negative correlations exit between different variables of 

processing information skill in task 1. 

If the attention is focused on the correlations established between different students’ 

variables of scanning information skill performance in task 1, it can be identified that the 

more “time scanning useful information” the more “time scanning useless information” as 
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well [r = 0.64, p<0.01] and the more “number of slides lineally read” read too [r = 0.68, 

p<0.01]. Otherwise, the “time scanning useless information” is demonstrated to have a 

significant and positive correlation with “the number of slides lineally read” [r = 0.59, 

p<0.01]. However, the “time scanning useless information” seems to be highly and negative 

related with the “time scrolling information [r = -0.36, p<0.01] and the “number of slides 

scrolled” [r = -0.30, p<0.01]. Coherently, the amount of “time scrolling information” seems 

to be significant and positively correlated to the “number of slides scrolled” [r = 0.91, 

p<0.01]. These results may indicate that students who devote more time to scanning 

information tend to lineally read the slides of information instead of using scanning 

techniques. Moreover, students who spent more time scanning useless information show a 

lower amount of information scrolled through. 

If the attention is focused on the correlations between students' scanning information 

skill performance and students' processing information skill performance in task 1, several 

significant correlations can be identified. Firstly, the results show that there is a significant 

negative correlation between the “time scanning useless information” and the “number of 

correct answers consulted” [r = -0.40, p<0.01] but there exists a significant positive 

correlation between the “time scanning useless information” and the “number of correct 

answers non-consulted” [r = 0.46, p<0.01]. Secondly, the results also demonstrate that there 

is a significant positive correlation between the “time scrolling information” and the “number 

of correct answers consulted” [r = 0.48, p<0.01] but there is a significant negative correlation 

between the “time scrolling information” and the “number of correct answers non-consulted” 

[r = -0.48, p<0.01]. Thirdly the, results show that There is a negative correlation between the 

“number of lineally read” and the “number of incorrect answers non-consulted” [r = -0.23, 

p<0.05].Fourth, the results indicate that there is a significant positive correlation between the 

“number of slides scanned” and the “number of correct answers consulted” [r = 0.36, p<0.01] 
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but there exists a significant negative correlation between the “number of slides scanned” and 

the “number of correct answers non-consulted” [r = -0.33, p<0.01]. Additionally, the results 

indicate that the “number of slides scrolled” is significantly positively correlated to the 

“number of correct answers consulted” [r = 0.54, p<0.01] while on the contrary the “number 

of slides scrolled” is significantly negatively correlated to the “number of correct answers 

non-consulted” [r = -0.51, p<0.01]. Less high but also significantly and negative is the 

correlation between “number of slides scrolled” and “the number of incorrect answers non-

consulted” [r = -0.23, p<0.05]. 

Finally, if the attention is focused on the correlations established between different 

students’ variables of processing information skill performance in task 1 only two significant 

negative relations can be identified. The “number of correct answers consulted” has been 

shown to be highly and positively correlated with the “number of correct answers non-

consulted” [r = -0.92, p<0.01] and the “number of incorrect answers non-consulted”[r = -

0.33, p<0.01]. 

These results may indicate that longer times scanning useful and useless information 

imply a higher number of slides read lineally, without using any particular scanning strategy 

which may mean that the students who do not use scanning techniques to scan information 

spent more time scanning information in order to achieve the purpose of the task given. 

Additionally, long times of scanning useless information indicate less correct answers 

consulted but more correct answers non-consulted which can be due to the useless 

information being scanned without having in mind the purpose of the question to be 

answered. Reasonably, as the time spent developing the scanning technique of scrolling 

information rises, so does the number of correct answers consulted, but  the number correct 

answers non-consulted decreases, which may indicate that students scroll information having 

in mind the question to be answered. According to the relation between the way in which the 
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slides have been scanned and its relation with the way in which the information has been 

processed, we can say that higher numbers of slides read lineally involve less incorrect 

answers non-consulted, but a higher number of slides scanned using scanning and scrolling 

techniques involving more correct answers consulted but less correct answers non-consulted, 

which may mean that the usage of scanning techniques leads to an increase of the correct 

answers consulted because students use the scanning techniques bearing in mind the purpose 

of the question to be answered, something that does not happen when students read slides 

lineally. 

Secondly, Table 27 shows the correlations between the improvement of students’ 

scanning information skill performance and students’ processing skill performance in task 2. 

Table 27 
Relations between students' scanning information skill performance and students' processing 
information skill performance in task 2 (N = 82) 
 1 2 3 4 5 6 7 8 9 10 11 

Scanning information skill performance for task 2 
1. Time scanning useful info -   
2. Time scanning useless info 0.50b -   
3.Time scrolling info 0.34b 0.13 -  
4. Nº slides lineally read 0.87b 0.43 b 0.41 b -  
5. Nº slides scanned 0.51b 0.09 0.35b 0.46 b -  
6. Nº slides scrolled 0.32b 0.12 0.93b 0.39 b 0.34 b -  
Processing information skill performance for task 2 
7. Time processing info 0.36b -0.02 0.33b 0.39 b 0.30 b 0.33 b -  
8. Nº correct answers consulted 0.23a -0.05 0.18 0.25a 0.50 b 0.26a 0.25a -  
9. Nº correct answers non-consulted -0.11 -0.04 -0.04 -0.11 -0.25a -0.05 0.09 -0.41 b - 
10. Nº incorrect answers consulted 0.34b 0.11 0.30 b 0.35 b 0.16 0.20 0.15 -0.31 b -0.20 -
11. Nº incorrect answers non-consulted -0.44b 0.01 -0.40 b -0.46 b -0.53 b -0.42 b -0.49 b -0.64 b -0.11 -0.18 -
ap<0.05; bp<0.01 

The results subsequent from the analysis mainly demonstrate that there are numerous 

important correlations between students’ scanning information skill performance and 

students’ processing information skill performance in task 2. In addition, several considerable 

correlations exist between different variables of scanning information skill performance in 

task 2. Likewise, there are numerous relations between different variables of processing 

information skill in task 2. 
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If the attention is focused on the correlations established between different students’ 

variables of scanning information skill performance in task 2, it can be identified that the 

“time scanning useful information” is significantly and positively correlated with all the other 

variables of scanning information skill performance in task 2, the “time scrolling 

information” [r = 0.34, p<0.01] and “number of slides scrolled” [r = 0.32, p<0.01] being the 

correlations with the lowest correlated variables, whereas the relation with “number of slides 

lineally read” [r = 0.87, p<0.01] is the highest correlated variable. Nevertheless, the “time 

scanning useless information” has only been demonstrated to have a significant and positive 

correlation with “the number of slides lineally read” [r = 0.43, p<0.01] apart from with the 

amount of “time scanning useful information” [r = 0.50, p<0.01] as also has been 

demonstrated with task 1. Otherwise, the “time scrolling information” seem to be significant 

and positively correlated to the “number of slides scrolled” [r = 0.93, p<0.01] as has 

happened with task 1, “the number of slides lineally read” [r = 0.41, p<0.01] and “the number 

of slides scanned” [r = 0.35, p<0.01]. Likewise, the “number of slides lineally read” is 

significantly and positively correlated with all the variables of the scanning information skill. 

Contrary to what happens with the “number of slides scanned” and the “number of slides 

scrolled” which are positively correlated with all the different variables of scanning 

information skill except from the “time spent scanning useless information” which does not 

show a significant correlation with them. To summarize, all the variables of the scanning 

information skill performance in task 2 are significantly and positively correlated, except for 

the “time spent scrolling information”, the “number of slides scanned” and the “number of 

slides scrolled”, which are not correlated with the time spent scanning useless information, 

which may indicate that as students use more scanning techniques to scan information they 

also scan more useful information than useless information. 



CHAPTER 6. RESULTS AND DISCUSSION                                                                                    198 
 

 

If the attention is focused on the relations between students' scanning information skill 

performance and students' processing information skill performance in task 2, several 

significant correlations can be identified. Firstly, the results show that there is a significant 

negative correlation between the “time scanning useful information” and the “number of 

incorrect answers non-consulted” [r = -0.44, p<0.01] but there are significant positive 

correlations between the “time scanning useful information” and three different variables of 

processing information skill which are the “time processing information” [r = 0.36, p<0.01], 

the “number of correct answers consulted” [r = 0.23, p<0.05] and the “number of incorrect 

answers consulted” [r = 0.34, p<0.01]. Secondly, the results also demonstrate that there are 

no significant correlations between the time scanning useless information and any of the 

variables that define the processing information skill. Thirdly, the results show that exist 

significant and positive correlations between the “time scrolling information” and two 

variables of processing information skill which are the “time processing information” [r = 

0.33, p<0.01] and the “number of incorrect answers consulted” [r = 0.30, p<0.01] but there is 

a significant negative correlation between the “time scrolling information” and the “number 

of incorrect answers non-consulted” [r = -0.40, p<0.01]. Fourth, the results indicate that the 

same happens with the “number of slides lineally scanned”, which show a significant positive 

correlation with the “time processing information” [r = 0.39, p<0.01] and the “number of 

incorrect answers consulted” [r = 0.35, p<0.01] but there is a significant negative correlation 

with the “number of incorrect answers non-consulted” [r = -0.458, p<0.01]. Fifth, the results 

demonstrate that the “number of slides scanned” are significantly and positively correlated 

with the “time processing information” [r = 0.30, p<0.01] and the “number of correct answers 

consulted” [r = 0.50, p<0.01]. However, the “number of slides scanned” is negatively 

correlated with the “number of correct answers non-consulted” [r = -0.25, p<0.05] and the 

“number of incorrect answers non-consulted” [r = -0.53, p<0.01]. In addition, the results 
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indicate that the “number of slides scrolled” is significantly positively related to the “time 

processing information” [r = 0.33, p<0.01] and the “number of correct answers consulted” [r 

= 0.26, p<0.05] while conversely the “number of slides scrolled” is significantly negatively 

related to the “number of incorrect answers non-consulted” [r = -0.42, p<0.01].  

Finally, if the attention is focused on the relations established between different 

students’ variables of processing information skill performance in task 2, different significant 

positive and negative correlations can be identified. The “time processing information” 

presents a significant and positive relation to the “number of correct answers consulted” [r = 

0.25, p<0.05] but presents a significant negative correlation with the “number of incorrect 

answers non-consulted” [r = -0.49, p<0.01]. The “number of correct answers consulted” also 

presents significant and negative correlations with the “number of correct answers non-

consulted” [r = -0.461, p<0.01], the “number of incorrect answers consulted” [r = -0.305, 

p<0.01] and the “number of incorrect answers non-consulted” [r = -0.64, p<0.01]. 

These results may indicate that as has been shown in the results obtained for task 1, 

also in task 2 higher times scanning useful and useless information imply a higher number of 

slides read lineally which may mean that the students who do not use scanning techniques to 

scan information spent more time scanning information in order to achieve the aim of the 

activity. Additionally, in task 2 longer times of scanning useful information are related with 

longer time spent using scanning techniques and with a higher number of slides scanned 

using different scanning techniques such as scanning or scrolling. However, this does not 

happen with the time spent scanning useless information which is not significantly correlated 

to the “time spent scrolling information”, the “number of slides scanned” or the “number of 

slides scrolled”, which may indicate that as students use more scanning techniques to scan 

information they also scan more useful information rather than useless information.    
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According to the relation between the way in which the slides have been scanned and 

the way in which the information has been processed, it can be said that a higher number of 

slides scanned or scrolled through involve higher times of processing information and higher 

number of correct answers consulted but less incorrect answers non-consulted, and less 

correct answers non-consulted in the case of number of slides scanned, which may mean that 

the usage of scanning techniques leads to an increase of the correct answers consulted 

because students use the scanning techniques bearing in mind the purpose of the question to 

be answered, and when they answer they do it successfully. Conversely, the number of slides 

lineally read is significantly and positively correlated with the number of correct answers 

consulted but also with the number of incorrect answers consulted. This may indicate that 

when students read the slides in a lineal way they were able to take into consideration what 

they had been asked to solve. However, they do not always succeed when the question has to 

be answered, something that does not happen when they use scanning techniques to scan the 

slides.  Understandably, as the time spent developing scanning techniques increases, so does 

the number of correct answers consulted, however, the number correct answers non-consulted 

decreases, which may indicate that students scan information bearing in mind the question to 

be answered. 

Finally, in task 2 as the time is devoted by the students to processing information  and 

the number of correct answers consulted increase, the number of incorrect answers non-

consulted decreases, which may show that longer times of processing information be 

correlated to an improvement in students’ achievement of mental map construction. 

Thirdly, Table 28 shows the relations between the improvement of students’ scanning 

information skill performance and students’ processing skill development in task 3. 
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Table 28 
Relations between students' scanning information skill performance and students' processing 
information skill performance in task 3 (N = 82) 
 1 2 3 4 5 6 7 8 9 10 11 

Scanning information skill performance for task 3 
1. Time scanning useful info -     
2. Time scanning useless info -0.18 -    
3.Time scrolling info 0.24a -0.08 -    
4. Nº slides lineally read 0.73 b 0.25a 0.21 -    
5. Nº slides scanned 0.45 b 0.02 0.23a 0.27a -    
6. Nº slides scrolled 0.25a -0.06 0.91 b 0.26a 0.23a -   
Processing information skill performance for task 3 
7. Time processing info 0.54 b -0.13 0.04 0.48 b 0.27a 0.08 -   
8. Nº correct answers consulted 0.70 b 0.05 0.22a 0.67 b 0.55 b 0.25a 0.47 b -   
9. Nº correct answers non-consulted -0.35 b -0.13 -0.24a -0.41 b -0.27a -0.26a -0.08 -0.52 b -  
10. Nº incorrect answers consulted -0.03 0.02 0.08 0.07 -0.10 0.10 0.07 -0.32 b -0.09 -  
11. Nº incorrect answers non-consulted -0.55 b 0.04 -0.10 -0.52 b -0.40 b -0.14 -0.56 b -0.64 b -0.20 -0.03 - 
ap<0.05; bp<0.01 

The results obtained from the analysis mainly demonstrate that there are numerous 

important correlations between students’ scanning information skill performance and 

students’ processing information skill performance in task 3. In addition, a considerable 

amount of relations exist between different variables of scanning information skill 

performance in task 3. Similarly, there are several correlations between the different variables 

of processing information skill in task 3. 

If attention is focused on the relations established between different students’ 

variables of scanning information skill performance in task 3, it can be identified that the 

“time scanning useful information” is significantly and positively correlated to all the other 

variables of scanning information skill performance in task 3 except for the “time scanning 

useless information”. The relation with the “time scrolling information” [r = 0.24, p<0.05] 

and “number of slides scrolled” [r = 0.25, p<0.05] are the lowest related variables but they 

are still positively correlated as has happened with both previous tasks. The correlation with 

“number of slides lineally read” [r = 0.73, p<0.01] is the highest variable related as happened 

in task 2. Nevertheless, the “time scanning useless information” has only been demonstrated 

to have a significant and positive correlation with “the number of slides lineally read” [r = 

0.25, p<0.05] which coincides with the previous results analyzed in tasks 1 and 2. The “time 
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scrolling information” seems to be significantly and positively correlated with the “number of 

slides scrolled” [r = 0.91, p<0.01] and “the number of slides scanned” [r = 0.23, p<0.05]. 

Likewise, the “number of slides lineally read” is significantly and positively correlated with 

all the variables of the scanning information skill except for the “time scrolling information” 

which has shown no relations. Contrary to what happens with the variable “number of slides 

scanned” and “number of slides scrolled” which are positively correlated with all the 

different variables of the scanning information skill except for the “time spent scanning 

useless information” which does not show a significant correlation with them. This may 

indicate that as students use more scanning techniques to scan information they also scan 

more useful information than useless information.    

If attention is focused on the relations between students' scanning information skill 

performance and students' processing information skill performance in task 3, numerous 

significant correlations can be recognized. Firstly, the results show that there is a significant 

negative correlation between the “time scanning useful information” and the variables which 

take into consideration the non-consulted answers, which are “number of correct answers 

non-consulted” [r = -0.35, p<0.01] and the “number of incorrect answers non-consulted” [r = 

-0.55, p<0.01]. However, there are significant positive correlations between the “time 

scanning useful information” and two different variables of processing information skill 

which are the “time processing information” [r = 0.54, p<0.01] and the “number of correct 

answers consulted” [r = 0.70, p<0.05] as happened in task 2. 

Secondly, the results also demonstrate that there are no significant correlations 

between the time spent scanning useless information and any of the variables that define the 

processing information skill as happened in task 2. Thirdly, the results show that there is a 

significant and positive correlation between the “time scrolling information” and the “number 

of correct answers consulted” [r = 0.22, p<0.05] but there is a significant negative correlation 
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between the “time scrolling information” and the “number of correct answers non-consulted” 

[r = -0.24, p<0.05]. Fourth, the results indicate that the “number of slides lineally scanned” 

show a significant positive correlation to the “time processing information” [r = 0.48, p<0.01] 

and the “number of correct answers consulted” [r = 0.67, p<0.01]. However, the “number of 

slides lineally scanned” present a significant negative correlation with the “number of correct 

answers non-consulted” [r = -0.41, p<0.01] and the “number of incorrect answers non-

consulted” [r = -0.52, p<0.01]. Fifth, the results demonstrate that the same happens with the 

“number of slides scanned” which is shown to be significantly and positively correlated with 

the “time processing information” [r = 0.27, p<0.05] and the “number of correct answers 

consulted” [r = 0.55, p<0.01]. However, again the “number of slides scanned” is negatively 

correlated with the “number of correct answers non-consulted” [r = -0.27, p<0.05] and the 

“number of incorrect answers non-consulted” [r = -0.40, p<0.01]. Additionally, the results 

indicate that the “number of slides scrolled” is significantly positively related to the “number 

of correct answers consulted” [r = 0.250, p<0.05] while conversely the “number of slides 

scrolled” is significantly negatively related to the “number of correct answers non-consulted” 

[r = -0.42, p<0.05].  

Finally, if attention is focused on the relations established between different students’ 

variables of processing information skill performance in task 3, different significant positive 

and negative correlations can be identified. As happens in task 2 the “time processing 

information” presents a significant and positive correlation with the “number of correct 

answers consulted” [r = 0.47, p<0.01] but presents a significant negative correlation with the 

“number of incorrect answers non-consulted” [r = -0.56, p<0.01]. The “number of correct 

answers consulted” is significantly and positively correlated with the “time processing 

information” [r = 0.47, p<0.01] but it is negatively correlated with the rest of variables of the 

processing information skill performance for task 2, which are the “number of correct 
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answers non-consulted” [r = -0.52, p<0.01], the “number of incorrect answers consulted” [r = 

-0.32, p<0.01]  and the “number of incorrect answers non-consulted” [r = -0.64, p<0.01]. 

These results may indicate that, as has been shown in the results obtained for task 1 

and task 2, as well as in task 3 higher times scanning useful and useless information imply a 

higher number of slides read lineally which may mean that the students who do not use 

scanning techniques to scan information spent more time scanning information in order to 

achieve the aim of the activity. Additionally, as happened in task 2, in task 3 longer times of 

scanning useful information are related to longer time spent using scanning techniques and 

with a higher number of slides scanned by using different scanning techniques such as 

scanning or scrolling. However, this does not happen with the time spent scanning useless 

information which is not significantly related to the “time spent scrolling information”, the 

“number of slides scanned” or the “number of slides scrolled”, which may indicate that as 

students use more scanning techniques to scan information they also scan more useful 

information than useless information.    

According to the relation between the way in which the slides have been scanned and 

the way in which the information has been processed, it can be said that as the time spent 

developing scanning techniques increases, so does the number of correct answers consulted 

However the number correct answers non-consulted decreases, which may indicate that 

students scan information bearing in mind the question to be answered in order to 

successfully achieve the aim of the task. Surprisingly in task 3, a higher number of slides 

lineally read, scanned or scrolled involve a higher number of correct answers consulted but 

less number of correct answers non-consulted, and less incorrect answers non-consulted in 

the case of number of slides lineally read and scanned, which may mean that as the students 

are familiarized with the information provided to achieve the tasks presented they scan the 

information having in mind the purpose of the question to be answered, independently from 
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which is the technique used, something that has not happened before when the students read 

slides lineally in the previous tasks. 

Finally, also in task 3 as more time is devoted by the students to process information 

the number of correct answers consulted increases and the number of incorrect answers non-

consulted decreases, which may indicate that longer times of processing information are 

related to an improvement in students’ achievement of specific writing development. 

Based on the analysis of the results presented in the previous section, three main 

considerations can be discussed:  

a) A high number of correlations between numerous categories of scanning 

information skill performance, and processing information skill performance have been 

found. 

The results presented show that the students’ performance of the scanning information 

skill is highly correlated with the different categories of the proper skill, as well as with the 

students’ performance of the processing information skill. The same thing occurs with the 

students’ performance of the processing information skill, which shows numerous 

correlations with the different categories of the proper skill as well as with the students’ 

performance of the scanning information skill.  From my point of view, the main explanation 

for this fact is that students’ development of constituent skills is highly related to the way in 

which different constituent skills are developed according to the type of task.  

Despite non-research studies which pursue to determine the correlations of different 

constituent skills of the IPS process have been found, the results may contribute to support 

the findings obtained by Badia & Becerril (2015). They suggest that the IPS skills can be 

used by the students according to the diverse necessities of the assignment and according to 

the requirements that the task demands. This emerging way of understanding the IPS process 
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has also been suggested by other authors (Monereo & Badia, 2012; Şendurur & Yildirim, 

2015). 

b) There are certain categories which are correlated in the same way in two or in three 

types of tasks, while there are other categories which do not show correlations in any task or 

in only one task. 

The results obtained demonstrated that certain correlations have been found in each of 

the three types of tasks. This leads us to state several common correlations that appear in the 

three different types of tasks.  

Regarding correlations that deal with the categories of scanning information, two 

main correlations have been found. The first is that students that who did not use scanning 

techniques to scan information spent more time scanning information in order to find the 

right information for the goal of the proposed task. The second coherent statement is that 

students who present higher times of scrolling also present a higher number of slides scrolled. 

From my point of view, the main explanation for this fact is that students with higher times 

scanning useful and useless information also have a higher number of slides read lineally 

which may mean that the students who did not use scanning techniques to scan information 

spent more time scanning information in order to find the right information to achieve the 

aim of the task proposed. 

The findings are consistent with previous literature on the topic, for instance, 

according to Salmerón, Naumann, García, and Fajardo (2017), students who use scanning 

techniques scanned more quickly and revisited segments of the hypertext that did not contain 

relevant information less often. 

With regard to correlations among categories of the scanning information skill 

performance and categories of processing information skill performance, three main 

considerations have to be taken. The first reflection is that students who use scanning 
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techniques to scan information obtain more correct answers consulted but less correct 

answers non-consulted. Additionally, the students who develop lineal reading to obtain 

information from the text obtain less incorrect answers non-consulted obtain. As well, the 

number of slides scrolled is positively related to the correct answers consulted.  

With regard to correlations within the categories of processing information, one main 

consideration can be made. There is a coherent correlation which is that the students who 

have more correct answers consulted present less correct answers non-consulted and less 

incorrect answers non-consulted. 

Surprisingly, while the results demonstrate that not many significant coincidences 

have been found among the correlations found in tasks 1 and task 2 or among the ones 

presented in task 1 and task 3, several coincidences have been in correlations from task 2 and 

task 3. 

Regarding correlations that deal with the categories of scanning information, four 

main statements can be presented. Initially, students' who present long times of scanning 

useful information, also present a higher number of slides scanned by using different 

scanning techniques such as scanning or scrolling, which means that students who use 

scanning techniques scan more useful information than useless information. Additionally, the 

times of scrolling information seem to be positively correlated with the number of slides 

scanned, which means that students who scan information make a frequent use of the 

scrolling technique to discard and select pages of information, something proper of successful 

researchers of information. Moreover, the number of slides, lineally read, scanned, and 

scrolled are positively correlated between them, which may indicate that students who gather 

information tend to use different types of information according to tasks demands.   

Regarding correlations among categories of scanning information skill performance 

and categories of processing information skill performance, three main considerations have to 
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be taken. First, it can be stated that as the time that the students spent scanning useful 

information, so does the number of correct answers consulted, while is the number of 

incorrect answers non-consulted decreases, which may indicate that students who use 

scanning techniques to scan information, scan information appropriately to answer correctly 

the task given. Additionally, students who demonstrate longer times scanning useful 

information also spend more time processing information and reflecting about the task to give 

a proper answer. 

However, it has also been demonstrated that high portion of lineally read information 

also shows high times of processing information as well as a high number of correct answers 

consulted, which may indicate that despite students who scan information using lineally 

reading present longer times of developing the whole task than the students who use scanning 

strategies, both succeed in properly completing the task. 

Regarding correlations that deal with the categories of processing information, two 

explanations can be stated. The first state is that students with longer times of processing 

information show better learning outcomes when conceptual maps construction and specific 

writing are required. The second coherent statement is that students who present more correct 

answers consulted also present less incorrect answers consulted. 

From my point of view, in more difficult tasks that require the students to connect 

concepts and ideas from more than one information source and to think about concepts in 

order to develop complex conceptual frameworks, which in our case are the proposed tasks 2 

and 3, it has been shown that as the time the students dedicate to processing information 

increases so does the number of correct answers consulted, while the number of incorrect 

answers non-consulted decreases. This fact may indicate that students with longer times of 

processing information show better achievement when conceptual map construction and 

specific writing development is required.  
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The results presented may be connected with the results obtained by previous 

researchers who indicate that processing significant information to accomplish the task given 

could be associated with extended processing times (Hahnel, Goldhammer, Naumann, & 

Kröhne, 2016). Consistently, Walhout et al. (2015) mentioned in the results obtained from 

their study that deeper processing of information required the fulfillment of the information 

required in the task was reflected in longer viewing times of web pages. 

Regarding task complexity, the results obtained are consistent with the ones presented 

by Becerril and Badia (2015) who mentioned that in a more cognitively complex task, the 

students showed higher performance levels in the information search, browsing, and 

development skills.  

c)  Students who do not use scanning techniques to scan information take longer to 

identify the information that must be found in order to successfully answer the tasks 

proposed. 

Finally, despite the numerous similarities regarding the correlations highlighted in 

different types of task, some correlations have only stood out in singular tasks. The 

outstanding correlations can guide us to reflect that students who do not use scanning 

techniques to scan information take longer to identify the information that must be found in 

order to successfully answer the tasks proposed. 

As the time that the students spend developing scanning techniques increases, so does 

the number of correct answers consulted, while the number of correct answers non-consulted 

decreases, which may indicate that students who use scanning techniques to scan information 

do so bearing in mind the question to be answered, something that does not happen with the 

students who read the slides lineally. 

Students who use scanning techniques from the beginning of the proposed tasks are 

aware that in order to succeed in the resolution of the tasks, the information must be scanned 
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with what is being asked to solve the task in mind, whereas students who use linear reading 

take longer to do so. 

As students who do not use scanning techniques to scan information become familiar 

with the information provided to perform the various tasks proposed, they become aware of 

the need to bear in mind the aim of the task in order to scan the information effectively and 

consequently correctly develop the response to the task.  

However, students who make higher use of scanning techniques instead of carrying 

out linear reading show significant positive correlations with the number of correct answers 

consulted from the first proposed task, which may indicate that these students are more 

efficient at the sperformance of scanning and processing information skills. Coherently, 

students who do not use scanning techniques to scan information and make use of linear 

reading do not present positive correlations with the number of correct and incorrect answers 

consulted until the second task proposed, while students who use scanning techniques still 

only present significant correlations with the correct answers consulted and do not show 

positive correlations with the incorrect answers consulted.  

In fact, students who make use of linear reading do not present positive correlations 

with the number of correct answers consulted until the third task proposed, pushing aside the 

positive correlation with the incorrect answers consulted, an element that students who use 

scanning techniques use and maintain from the first task proposed. 

This reasoning is consistent with previous research studies developed since, according 

to Salmerón, Naumann, García, and Fajardo (2017), students who use scanning techniques 

scan quicker and revisit segments of the hypertext that did not contain relevant information 

less often. 

 

 



CHAPTER 6. RESULTS AND DISCUSSION                                                                                    211 
 

 

6.5. Research Question 5: Are there any differences between the students’ initial and 

final learning performance? 

The fifth research objective, which principally consisted in determining the effect that 

IPS instruction designed in an IWBL environment had on students’ science knowledge on 

illnesses and health, provided us with useful information allowing us to describe in detail the 

students’ learning performance on science knowledge. Table 29 shows the means and 

standard deviations of students' learning performance on science knowledge. 

Table 29 
Differences between initial and final students' learning achievements on science knowledge 
(N = 82) 
Question Initial Final t p 

M (SD) M (SD)   
Question 1 5.52 (1.59) 8.12 (1.53) 14.03 0.00 
Question 2 2.71 (1.86) 5.00 (1.76) 11.11 0.00 
Question 3 3.78 (2.17) 5.93 (2.02) 8.55 0.00 
Total science 
knowledge 

12.06 (4.03) 19.04 (3.84) 17.62 0.00 

 

As shown in Table 29, from students' given responses in the individual assessments, it 

can be understood that students have improved in all the types of questions assessed, which 

means that students’ science knowledge on illnesses and health has increased (M = 6.98) after 

having undertaken the instruction. Students’ initial knowledge on illnesses and health was of 

12.06 points out of 30, which means that the on average, students failed on the initial specific 

science knowledge assessment. Nevertheless, after the instruction period had been completed, 

students significantly improved their results achieving 19.04 points out of 30, which showed 

that students had higher science knowledge on illnesses and health after the instruction.  

On the same lines, if we center our attention on each particular question of the 

assessment we can also affirm that students have increased their level of expertise on science 

knowledge on illnesses and health in each type of question. The results from question one 

reveal that the mean of students improved (from M = 5.52 to M = 8.12) in handling isolated 

content without transforming the content in any way, which shows that students successfully 
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acquired the required contents. Moreover, the results from question two agree with question 

one that students showed important progress (from M = 2.71 to M = 5.00) in connecting 

concepts and ideas. Again in question three the results make it evident that the students 

performed better (from M = 3.78 to M = 5.93) in thinking about concepts and developing 

complex conceptual frameworks after the instruction.   

The results analyzed in the next phase provide us with valuable information to 

determine in detail the effect that the IPS instruction designed in an IWBL environment has 

on the cognitive processes of scanning and processing information. Therefore, the tables 

below present the means and standard deviations derived from the results taken before and 

after the instruction received by the students.  

With the intention of examining precisely the students’ performance of the scanning 

information skill, six variables have been analyzed. These six variables can be grouped into 

two main groups: the time spent scanning information and the type of scanning information 

performed. 

Firstly, considering the time spent scanning information, Table 30 shows the mean 

and standard deviations of the time spent by the students scanning useful information during 

the completion of each different task recorded before and after the instruction. 

Table 30 
Differences between initial and final time spent scanning useful information (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   

Task 1 235.54 (95.57) 99.96 (94.47) -10.27 0.00 

Task 2 228.59 (123.69) 98.83 (50.79) -9.92 0.00 

Task 3 46.98 (37.01) 39.56 (27.03) -1.48 0.14 

 

The results demonstrate that the time that students devoted to scanning useful 

information to complete the different tasks achievement has changed before and after the IPS 

instruction designed in an IWBL environment. In fact, the students considerably reduce the 

time spent scanning useful information in the three tasks proposed. In the first task completed 
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the time spent scanning useful information is the most reduced, the first mean score was 

235.54 (SD = 95.57) and the second one was 99.96 (SD = 94.47). In the second task 

completed the time spent scanning useful information was the second most reduced, the first 

mean score was 228.59 (SD = 123.69) and the second was 98.83 (SD = 50.79). Finally, 

despite the fact that in the third task completed, the time spent scanning useful information is 

the least reduced, the results also show that the time spent scanning useful information 

decreases again, the first mean score was 46.98 (SD = 37.01) and the second one was 39.56 

(SD = 27.03). These results indicate that the students devote less to time scanning useful 

information to complete each task given after the instruction. 

Table 31 shows the means and standard deviations of the time spent by the students 

scanning non-useful information during the completion of each different task recorded before 

and after the instruction. 

Table 31 
Differences between initial and final time spent scanning non-useful information (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 304.12 (130.47) 70.37 (80.15) -15.01 0.00 
Task 2 51.38 (55.65) 9.13 (11.63) -6.91 0.00 
Task 3 14.60 (38.73) 4.45 (10.90) -2.57 0.01 

 

The results reveal that the time that students devoted to scanning non-useful 

information to complete the different tasks achievement has changed dramatically before and 

after the IPS instruction designed in an IWBL environment. Indeed, the students noticeably 

reduced the time spent scanning non-useful information in the three tasks proposed. In the 

first task developed the time spent scanning non-useful information is the most reduced, the 

first mean score was 304.12 (SD = 130.47) and the second one was 70.37 (SD = 80.15). In 

the second task completed the time spent scanning useful information is the second most 

reduced, the first mean score was 51.38 (SD = 55.65) and the second one was 9.13 (SD = 

11.63).  
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Finally, despite the fact that in the third task completed, the time spent scanning 

useful information is the least reduced, the results also show that the time spent scanning 

useful information decreases again, the first mean score was 14.60 (SD = 38.73) and the 

second one was 4.45 (SD = 10.90). These results indicate that the students devote less time to 

scanning fragments of text with non-useful information to complete the task given after the 

instruction.  

Table 32 shows the means and standard deviations of the time spent by the students 

scrolling information during the development of each different task recorded before and after 

the instruction. 

Table 32 
Differences between initial and final time spent scrolling information (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 10.11 (11.38) 24.63 (15.95) 7.59 0.00 
Task 2 47.20 (27.76) 34.87 (17.76) -4.29 0.00 
Task 3 11.48 (9.47) 12.39 (10.01) 0.61 0.54 

 

The results show that the time that students devoted to scrolling through information 

to complete the different tasks achievement has changed dramatically depending on the 

demand of the task after the IPS instruction designed in an IWBL environment. Actually, the 

students increase the time spent scrolling information in two of the tasks proposed which are 

the first and the third task. In the first task completed the time devoted to scrolling through 

information is the most increased, the first mean score was 10.11 (SD = 11.38) and the 

second one was 24.63 (SD = 15.95). Accordingly, in the third task completed the time spent 

scrolling through information is slightly increased, the first mean score was 11.48 (SD = 

9.47) and the second one was 12.39 (SD = 10.01). Conversely, in the second task completed, 

the time spent scrolling through information decreases, the first mean score was 47.20 (SD = 

27.76) and the second one was 34.87 (SD = 17.76). These results indicate that depending on 
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requirements of the tasks, the students devote more or less time scrolling through information 

to complete the task given. 

Secondly, considering the type of scanning information, Table 33 shows the mean and 

standard deviations of the number of slides scanned through by the students using lineal 

reading during the development of each different task recorded before and after the 

instruction. 

Table 33 
Differences between initial and final scanned slides using lineal reading (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 12.27 (3.62) 6.39 (3.36) -11.58 0.00 
Task 2 17.54 (8.83) 7.12 (3.51) -11.02 0.00 
Task 3 4.23 (3.20) 2.89 (2.04) -3.35 0.00 

 

The results show that the number of slides scanned by the students using lineal 

reading changed before and after the IPS instruction designed in an IWBL environment. 

Undeniably, the students reduce the number of slides scanned using lineal reading in the three 

tasks proposed. In the first task completed the number of slides scanned using lineal reading 

is the second most reduced, the first mean score was 12.27 (SD = 3.62) and the second one 

was 6.39 (SD = 3.36). In the second task completed the number of slides scanned using lineal 

reading is the most reduced, the first mean score was 17.54 (SD = 8.83) and the second one 

was 7.12 (SD = 3.51). Finally, despite the fact that in the third task completed, the number of 

the scanned slides using lineal reading is the least reduced, the results also show that the 

number of scanned slides using lineal reading decreases again, the first mean score was 4.23 

(SD = 3.20) and the second one was 2.89 (SD = 2.04). These results indicate that the students 

scanned less slides using lineal reading to complete the task given after the instruction. 

Table 34 shows the mean and standard deviations of the number of slides scanned by 

the students using scanning reading during the completion of each different task recorded 

before and after the instruction. 
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Table 34 
Differences between initial and final scanned slides using scanning reading (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 1.65 (1.68) 5.16 (3.12) 9.83 0.00 
Task 2 7.74 (4.14) 9.88 (4.64) 3.44 0.00 
Task 3 2.94 (2.38) 4.05 (2.82) 2.86 0.00 

 

The results show that the number of slides scanned by the students using scanning 

reading has changed before and after the IPS instruction designed in an IWBL environment. 

Without a doubt, the students increase the number of slides scanned using scanning reading 

in the three tasks proposed. In the first task completed the number of slides scanned using 

scanning reading is the most increased, the first mean score was 1.65 (SD = 1.68) and the 

second one was 5.16 (SD = 3.12). In the second task completed the number of slides scanned 

using scanning reading is the second most increased, the first mean score was 7.74 (SD = 

4.14) and the second one was 9.88 (SD = 4.64). Finally, despite the fact that in the third task 

completed, the number of the scanned slides using scanning reading is the least increased, the 

results also show that the number of scanned slides using scanning reading increases again, 

the first mean score was 2.94 (SD = 2.38) and the second one was 4.05 (SD = 2.82). These 

results indicate that the students scanned more slides using scanning reading to complete the 

task given after the instruction.  

Table 35 shows the mean and standard deviations of the number of slides scrolled 

through by the students during the development of each different task recorded before and 

after the instruction. 

Table 35 
Differences between initial and final scrolled slides (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 8.96 (10.67) 22.82 (14.34) 7.79 0.00 
Task 2 43.18 (25.34) 32.01 (16.82) -4.12 0.00 
Task 3 11.15 (8.70) 11.45 (8.40) 0.23 0.82 
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The results show that the number of slides scrolled through by the students to 

complete the different tasks achievement has particularly changed depending on the demand 

of the task after the IPS instruction designed in an IWBL environment. In fact, the students 

increase number of slides scrolled through in two of the tasks proposed which are the first 

and the third task. In the first task completed the number of slides scrolled through is the most 

increased, the first mean score was 8.96 (SD = 10.67) and the second one was 22.82 (SD = 

14.34). Accordingly, in the third task completed the number of slides scrolled through is 

slightly increased, the first mean score was 11.15 (SD = 8.70) and the second one was 11.45 

(SD = 8.40). Conversely, in the second task completed, the number of slides scrolled through 

decreases, the first mean score was 43.18 (SD = 25.34) and the second one was 32.01 (SD = 

16.82). These results indicate that depending on the demands of the tasks the students scroll 

through more or less slides to complete the task given. 

With the intention of precisely examining the students’ performance of the processing 

information skill, five variables have been analyzed. These five variables can be grouped into 

two main groups: the time spent processing information and the type of answer given when 

processing information was performed. 

Firstly, considering the time spent processing information, Table 36 shows the means 

and standard deviations of the time spent by the students processing information during the 

development of each different task recorded before and after the instruction. 

Table 36 
Differences between initial and final time spent processing information (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 97.63 (34.77) 65.34 (23.46) -8.56 0.00 
Task 2 333.76 (99.79) 244.57 (62.81) -7.31 0.00 
Task 3 217.98 (107.28) 171.09 (55.45) -3.74 0.00 

 

The results reveal that the time that students devoted to processing information to 

complete the different tasks achievement has particularly changed before and after the IPS 
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instruction designed in an IWBL environment. The students noticeably reduce the time spent 

processing information in the three tasks proposed. In the first task completed the time spent 

processing information is the least reduced, the first mean score was 97.63 (SD = 34.77) and 

the second one was 65.34 (SD = 23.46). In the second task completed the time spent 

processing information is the most reduced, the first mean score was 333.76 (SD = 99.79) 

and the second one was 244.57 (SD = 62.81). Finally, the time spent processing information 

in the third task completed is the second most reduced, the first mean score was 217.98 (SD = 

107.28) and the second one was 171.09 (SD = 55.45). These results indicate that the students 

devoted less time processing information to complete the task given after the instruction. 

Secondly, considering the type of processing information, Table 37 shows the means 

and standard deviations of the number of correct answers consulted by the students during the 

completed of each different task recorded before and after the instruction. 

Table 37 
Differences between initial and final correct answers consulted (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 1.68 (1.72) 3.26 (1.44) 7.50 0.00 
Task 2 5.91 (2.92) 9.18 (3.19) 7.78 0.00 
Task 3 2.96 (1.74) 3.73 (1.34) 3.19 0.00 

 

The results reveal that the number of correct answers consulted has changed before 

and after the IPS instruction designed in an IWBL environment. Actually, the students 

increased the number of correct answers consulted in the three tasks proposed. In the first 

task developed, the number of correct answers consulted is the second most increased, the 

first mean score was 1.68 (SD = 1.72) and the second one was 3.26 (SD = 1.44). In the 

second task completed the number of correct answers consulted is the most increased, the 

first mean score was 5.91 (SD = 2.92) and the second one was 9.18 (SD = 3.19). Finally, 

despite in the third task developed, the number of correct answers consulted is the less 

increased, the results also show that the number of correct answers consulted increases again, 
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the first mean score was 2.96 (SD = 1.74) and the second one was 3.73 (SD = 1.34). These 

results indicate that the students answer correctly more answers consulted after the 

instruction. 

Table 38 shows the mean and standard deviations of the number of correct answers 

non-consulted by the students during the completion of each different task recorded before 

and after the instruction.  

Table 38 
Differences between initial and final correct answers non-consulted (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 2.79 (1.73) 1.43 (1.29) -6.86 0.00 
Task 2 2.27 (1.86) 4.07 (2.70) 6.49 0.00 
Task 3 0.71 (1.12) 0.94 (1.15) 1.36 0.18 

 

The results reveal that the number of correct answers non-consulted has changed 

before and after the IPS instruction designed in an IWBL environment. In the first task 

completed the number of correct answers non-consulted decreases, the first mean score was 

2.79 (SD = 1.73) and the second one was 1.43 (SD = 1.29). However, in the second and third 

tasks completed the results change and the number of correct answers non-consulted increase. 

From both tasks, the one in which the number of correct answers non-consulted is higher is 

task 1, the first mean score was 2.27 (SD = 1.86) and the second one was 4.07 (SD = 2.70). In 

task 2 the number of correct answers non-consulted increases again, the first mean score was 

0.71 (SD = 1.12) and the second one was 0.94 (SD = 1.15). These results indicate that the 

students answer more correct answers non-consulted in tasks 2 and 3 after the instruction. 

Table 39 shows the mean and standard deviations of the number of incorrect answers 

consulted by the students during the completion of each different task recorded before and 

after the instruction. 
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Table 39 
Differences between initial and final incorrect answers consulted (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 0.18 (0.42) 0.10 (0.29) -1.54 0.13 
Task 2 4.09 (2.19) 1.07 (1.15) -12.29 0.00 
Task 3 0.50 (0.86) 0.01 (0.11) -5.11 0.00 

 

The results reveal that the number of incorrect answers consulted has changed before 

and after the IPS instruction designed in an IWBL environment. Actually, the students reduce 

the number of incorrect answers consulted in the three tasks proposed. In the first task 

completed the number of incorrect answers consulted is the third most reduced, the first mean 

score was 0.18 (SD = 0.42) and the second one was 0.10 (SD = 0.29). In the second task 

completed the number of incorrect answers consulted is the most reduced, the first mean 

score was 4.09 (SD = 2.19) and the second one was 1.07 (SD = 1.15). Finally, in the third 

task completed, the results also show that the number of incorrect answers consulted 

decreases again, the first mean score was 0.50 (SD = 0.86) and the second one was 0.01 (SD 

= 0.11). These results indicate that the students answer incorrectly less answers consulted 

after the instruction. 

Table 40 shows the mean and standard deviations of the number of incorrect answers 

non-consulted by the students during the development of each different task recorded before 

and after the instruction. 

Table 40 
Differences between initial and final incorrect answers non-consulted (N = 82) 
Task type Initial Final t p 

M (SD) M (SD)   
Task 1 0.34 (0.57) 0.22 (0.49) -1.79 0.08 
Task 2 2.73 (2.85) 0.67 (1.35) -6.04 0.00 
Task 3 0.83 (1.50) 0.30 (0.78) -2.76 0.01 

 

The results show that the number of incorrect answers non-consulted has changed 

before and after the IPS instruction designed in an IWBL environment. In fact, the students 
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decreased the number of incorrect answers non-consulted in the three tasks proposed. In the 

first task completed the number of incorrect answers non-consulted is the least decreased, the 

first mean score was 0.34 (SD = 0.57) and the second one was 0.22 (SD = 0.49). In the 

second task completed the number of incorrect answers non-consulted is the most decreased, 

the first mean score was 2.73 (SD = 2.85) and the second one was 0.67 (SD = 1.35). Finally, 

in the third task completed, the results also show that the number of incorrect answers non-

consulted decreases again, the first mean score was 0.83 (SD = 1.50) and the second one was 

0.30 (SD = 0.78). These results indicate that the students answer incorrectly less answers 

non-consulted after the instruction. 

Based on the analysis of the results presented in the previous section, six main 

considerations can be discussed:  

a) Students show higher knowledge on illnesses and health after the instruction. 

As has been shown in the presentation of the results, students significantly increase 

the amount of knowledge on illnesses and health after the instruction developed in an IWBL 

environment. From the three activities that the students had to do in the final assessment of 

illnesses and health, the three of them were passed by the average of the students after the 

instruction, whereas before the instruction only the first activity could be considered to be 

passed by the average of the students. This demonstrates that students have increased their 

knowledge on illnesses and health after the instruction.  

From my point of view, the main reason that can explain the successful results 

obtained is that thanks to the characteristics of the designed didactic sequence in the IWBL 

environment the students have achieved better learning outcomes. 

The findings obtained are consistent with available literature about this topic in the 

sense that thanks to the instruction developed in an IWBL environment, students have 
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increased their learning outcomes in scientific knowledge by showing a higher knowledge on 

illnesses and health after the instruction had been accomplished (Alfieri et al., 2011). 

b) The time that students spent scanning and processing information after the 

instruction is less than before the instruction. 

The results from the research completed make it evident that after the instruction the 

students reduced the time spent developing the two IPS skills for which they were trained 

which are scanning and processing information.  

From my point of view, the main reason that can explain this fact is that after the 

instruction the students have become more skilled in the performance of scanning and 

processing information skills. The increase in the students’ level of expertise when scanning 

for information means that they have used more efficient and selective reading strategies that 

have allowed them to directly locate the relevant information to solve the question given. 

Consequently the time spent developing scanning for information has decreased. Moreover, 

the students’ higher knowledge on illnesses and health after the instruction could reinforce 

the results obtained for lower times of processing information skill. 

The results obtained are consistent with the Şendurur and Yildirim (2015) results, 

which state that short scanning times are related with students’ use of more efficient and 

selective scanning strategies allowing them to more directly find the appropriate information 

to rapidly answer the task proposed. However, the results differ in the skill of processing 

information from the ones obtained by Hahnel et al. (2016), which indicate that processing 

significant information to accomplish the task could be associated with extensive processing 

times.  

c) Lineal reading is reduced when students scan information, while scanning 

technique usage is increased when students scan information after the instruction. 
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The results obtained in the present research clearly show that after the instruction 

provided, the students increased the use of scanning techniques to scan information while 

lineal reading decreases after the instruction received.  

A possible explanation of the results obtained is be that because the students have 

been exposed to different digital texts during the didactic sequence, the students may have 

started to develop the so-called screen-reading behavior, which is mainly characterized by a 

growth of the time devoted to scrolling and scanning, while less time is devoted to linear 

reading (Liu, 2005).  

Another possible explanation is that the characteristics of the didactic sequence 

designed had fostered the students’ performance of strategic usage of scanning and 

processing information skills as was expected. As has been previously described, the didactic 

sequence wondered (sorry, not sure what you want to say here) to contain the four main 

features that previous research studies had demonstrated to be effective when teaching 

students IPS skills. Therefore, the initial session of the instruction was devoted to stimulate 

students to pay explicit attention to the various steps that had to be taken in IPS and to the 

way these steps could be used flexibly in different situations (Walraven et al., 2010). 

Simultaneously, students were asked to connect the organized knowledge base presented with 

similar representations that refer to personal experiences with representations in other 

domains. These connected and rich representations are what would make learning outcomes 

durable, flexible and generalizable in situations of other domains. After the first session, six 

different cases of IPS that dealt with illnesses and health were progressively presented to the 

students in order to offer them the possibility to apply the organized knowledge base on IPS 

in a flexible way. The six real case activities were inquiry-based activities to be solved by 

developing IPS skills. The way in which the activities were designed offered the students 

different prompts to scaffold their learning in order to help them to reflect on how to develop 
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a certain IPS skills and construct their own learning. The development of the activities 

increased in freedom, offering the students less support as they progressed until they 

performed a whole IPS activity without any scaffolding.  

The results obtained are consistent with previous research studies that mention that 

embedded instruction that promote IPS within inquiry activities is effective for teaching the 

highly interrelated constituent skills and sub-skills involved in IPS (Raes et al., 2012). 

d) Students scroll through less or more information to complete the task given 

depending on the tasks demands. 

The results presented show that the amount of scrolled through information varies 

depending on the task demands. After the instruction had been completed, students increased 

the time devoted to scrolling through information and the number of slides scrolled through 

in tasks one and three but this does not happen in task two where the numbers for scrolling 

through information decreases.  

From my point of view, the main reason that can explain this fact is that after the 

development of the didactic sequence the students have changed the amount of scrolled 

through information depending on the demands of the tasks.   

The first task presented required the students to answer five multiple choice questions 

with the help of the slides of information given. Before the instruction, the students generally 

decided to read all the slides of information in a lineal way before reading what exactly was 

demanded in each multiple-choice question. After having read all the slides of information, 

which meant no initial scrolling through of information, they started to read the demand of 

each multiple choice question and started to answer according to what they have already read. 

If students did not have a clear idea of was the right answer, they re-consulted the 

information offered and started to scroll through information. However, after the instruction 
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provided, the strategy that the majority of the students used to answer multiple-choice 

question completely differed from the beginning.  

When task one was presented to the students after the instruction they first carefully 

read what was demanded in each multiple-choice question and if they did not know the 

answer they then scanned the text scrolling through the slides of information they considered 

would not contain useful information to answer the question given. This students’ change of 

strategy increased the amount of slides scrolled through as well as the amount of time spent 

scrolling through information during task one completion after the instruction.  

The second task presented asked the students to fill in a conceptual map in order to 

relate sixteen concepts of the illness given with the help of the same slides of information 

given in task one. Before the instruction, the student showed several difficulties in locating 

the right information to be able to connect the concepts given, so the high incidence of 

students scrolling through information demonstrated how lost the students were when 

searching for the useful information. Nevertheless, after the instruction had been given, the 

students had a higher command of the different possible techniques to be used when scanning 

information and spent less time scrolling through information than before because the 

information required to complete the task was  located more quickly according to the 

demands of the task.  

Finally, task three required the students to write five specific preventive measures to 

avoid getting the illness with the help of the slides of information given at the beginning. In 

this third task, the majority of the students showed a slight increase of the scrolled through 

information after the instruction had been received. Before the instruction, in task three the 

students were familiarized enough with the slides of information because they had been 

working with them in the two previous tasks, so almost the majority of the students knew 

where they could locate the useful information to complete task three. On the same lines, 
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after the instruction, the students were quite well familiarized with the slides of information. 

In addition, students’ knowledge on illnesses and health had increased which led the students 

to rapidly scroll through the unnecessary information to answer task three, for this reason 

there is not a significant difference between the amount of information scrolled through 

before and after the instruction on task three. 

The findings are consistent with available literature on the topic, which states that 

students usage of scanning information strategies is driven by task demands (Becerril & 

Badia, 2013; Boutet, Lemieux, Goulet, & Collin, 2017; Şendurur & Yildirim, 2015). In 

addition, it is important to mention that as the students’ level of expertise on IPS increases, 

the way in which students develop IPS skills to complete different task demands may change. 

e) The number of correct answers provided by the students in each task increases, 

while the number of incorrect answers given by the students in each task decreases 

after the instruction. 

While the number of correct answers provided by the students in each task increased 

after the didactic sequence had been completed, the number of incorrect answers given by the 

students in each task decreased, which reveals that the students have better results on 

processing information after the completion of the didactic sequence.  

The improvement between students’ results when processing information in all the 

different tasks proposed after the completion of the didactic sequence means that students 

have a higher level of expertise in processing information skill when they have to face IPS 

activities.  From my point of view, two main reasons can explain this. The first reason is that 

thanks to the fact that the teaching of IPS skills has been embedded in the students’ curricular 

content, the skills practiced have become meaningful for students, which has led them to 

more successfully process the necessary information to solve a new informational problem 

(Kuiper et al., 2008). The second reason is that, because after the didactic sequence had been 
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completed the students have also increased the amount of knowledge on illnesses and health; 

when they have had to process the scanned information to solve a new informational problem 

on illnesses and health, they have developed the skill more successfully than before the 

didactic sequence. This second reason could mean that students with more knowledge on the 

domain topic developed the processing skill more successfully. 

The results obtained are consistent with Raes et al. (2012) who mentioned that 

promoting IPS learning within connected inquiry activities is effective for students’ 

improvement of highly interrelated constituent skills and sub-skills involved in IPS. 

Moreover, further research findings demonstrate that web-based inquiry science 

environments increase students’ learning success as well as on several inquiry skills that have 

several points in common with IPS skills, such as identifying problems, formulating 

questions and hypotheses, planning and carrying out experiments, collecting and analyzing 

data, presenting the results, and drawing conclusions (Mäeots et al., 2008).  

f) On numerous occasions task 3 did not obtain significant results. 

The results presented demonstrate that while task 1 and task 2 frequently showed 

significant results, task 3 did not always show noteworthy outcomes. 

From my point of view, this fact can be explained by one main reason, which deals 

with the characteristics of each type of task. Task 1 required students to complete an 

information integration activity based on solving five different multiple-choice questions. In 

order to appropriately solve them, the students had to consult the information provided in 

order to properly answer the questions given. Consistently, task 2 asked students to establish 

relations between different concepts through a conceptual map construction, which drove 

students to identify how concepts where connected into the text offered, to later establish 

proper connections. Opposingly, task 3 did not require students to find specific information in 

the text since the task was mainly focused on asking students to write five specific preventive 
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measures in order to avoid getting the illness previously described in the text given. The main 

reason students did not spend time scanning information was that this concrete information 

was not specifically given in the text. Therefore, they were expected to think about concepts 

and develop complex conceptual frameworks, instead of expecting them to find the 

preventive measures in the text.  

The characteristics that shape task 3 could explain why this task does not present 

significant results in certain categories, such as: time spent scanning useful information, time 

spent scrolling information, number of correct answers non-consulted or number of scrolled 

slides. 
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6.6. Research Question 6: Are there any differences in the performance of students’ 

scanning and processing information skills according to students’ final science 

knowledge profile? 

In the first step, a hierarchical cluster analysis was conducted to classify students 

using Ward’s method. The analyzed data sets were extracted from the students’ final science 

knowledge. Four final groups of students were selected based on the obtained results. 

Table 41  
Groups obtained from students’ final science knowledge using Ward's method 

Cluster 1 was composed of 37 (45.12%) students, cluster 2 was composed of 15 

(18.29%) students while cluster 3 was composed of 17 (20.73%) students and cluster 4 was 

composed of 13 (15.85%) students. The results differentiating the four main clusters are 

presented below: 

Cluster 1 was labeled as intermediate level students in science knowledge with 

acceptable achievement in developing complex conceptual frameworks tasks. The students 

that belong to this group are distinguished by having obtained median results when they are 

required to solve different types of tasks that deal with science content on illnesses and 

health. In tasks that require them to develop information integration they demonstrate to be 

much better than students from Cluster 4 but worse than students from Cluster 2. This also 

Students (N=82, 100%) 

 
Cluster 1 

N=37 (45.12%) 
M (SD) 

Cluster 2 
N=15 (18.29%) 

M (SD) 

Cluster 3 
N=17 (20.73%) 

M (SD) 

Cluster 4 
N=13 (15.85%) 

M (SD) 

Significance 
level 

SKA_F_01 8.35 (0.95) 9.67 (0.62) 8.00 (1.12) 5.85 (1.52) 

C1 > C4b; 
C2 > C4b; 
C3 > C4b; 
C2 > C1b; 
C2 > C3b 

SKA_F_02 4.76 (1.12) 7.33 (1.50) 5.18 (0.80) 2.77 (1.20) 

C2 > C1b; 
C2 > C3b; 
C2 > C4b; 
C1 > C4b; 
C3 > C4b 

SKA_F_03 6.97 (1.42) 7.33 (0.90) 3.47 (1.38) 4.54 (1.33) 

C1 > C3b; 
C1 > C4b; 
C2 > C3b; 
C2 > C4b; 

a p < 0.05 b p < 0.01 
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happens with tasks that ask them to establish relations between different concepts. Despite 

the fact of presenting quite similar results to students from Cluster 3 on the above mentioned 

tasks, when students from Cluster 1 have to think about concepts and develop complex 

conceptual frameworks, they make fewer mistakes than students from Cluster 3 and so obtain 

better results. 

Cluster 2 was labeled as high level students of science knowledge. The students which 

are included in this group are characterized by being extremely competent students when 

required to solve different types of tasks that dealt with science content on illnesses and 

health. The results indicate that students from this group are proficient in developing 

information integration activities because they almost always correctly answer multiple-

choice questions. In addition, during tasks that require students to establish relations between 

different concepts through a conceptual map construction, students with a high level of 

science knowledge stand out from the other groups of students. Accordingly, when they are 

asked to think about concepts and develop complex conceptual frameworks, they also 

demonstrate remarkable results compared to the other groups of students.  

Cluster 3 was labeled as intermediate level students of science knowledge with low 

achievement in developing complex conceptual framework tasks. The students that belong to 

this group are distinguished by having demonstrated median results when they are required to 

solve different types of tasks that deal with science content on illnesses and health. In tasks 

that involve developing information integration activities they demonstrate to be much better 

than students from Cluster 4 but worse than students from Cluster 2. As also happens with 

tasks that ask them to establish relations between different concepts. Despite presenting quite 

similar results to students from Cluster 1 on the above mentioned tasks, when students from 

Cluster 3 have to think about concepts and develop complex conceptual frameworks, they 

make more mistakes than students from Cluster 1 and so obtain worse results. 
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Cluster 4 was labeled as low level students of science knowledge. The students which 

are included in this group are characterized by not having enough knowledge to satisfactory 

complete different types of tasks that deal with science content on illnesses and health. This 

fact leads them to be the worst group in completing tasks which require students to develop 

information integration activities such as answering multiple-choice questions related to 

illnesses and health. Consistent with it, this group of students also does not succeed 

establishing relations between different concepts when a conceptual map construction is 

asked, being again the group which presents lowest results. Finally, together with students 

from Cluster 3, low leveled students of science knowledge are also the ones who present the 

poorest results when asked to think about concepts and develop complex conceptual 

framework on the field of study of illnesses and health. 

Then, the second step consisted of comparing those clusters of cases with data from 

the students’ performance of scanning and processing information skills for each type of final 

task.  

This first section provides a comparison of the students’ profile in the performance of 

the scanning and processing information skills in the final task 1.  
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Table 42 
Clusters solutions derived from students’ performance on task 1 

As Table 42 shows, the results state that students from cluster two are the ones who 

spent less time scanning information whether useful or non-useful in task one. According to 

the time spent scanning useful information in task one, the results show that students from 

cluster four spent much more time scanning non-useful information in task one (M = 131.46) 

than students from cluster two (M = 58.33). According to the time spent scanning non-useful 

information in task one, the results show that students from cluster two spent much less time 

scanning non-useful information in task one (M = 25.60) than students from cluster four (M = 

109.08) or students from cluster one (M = 74.30). 

Students (N=82, 100%) 

 

Cluster 1 
N=37 (45.12%) 

M (SD) 

Cluster 2 
N=15 

(18.29%) 
M (SD) 

Cluster 3 
N=17 

(20.73%) 
M (SD) 

Cluster 4 
N=13 

(15.85%) 
M (SD) 

Significance 
level 

Time scanning useful 
information 

103.73 
(101.03) 

58.33 
(31.95) 

104.41 
(107.09) 

131.46 
(99.13) 

C4 > C2b 

Time scanning non-useful 
information 

74.30 (81.78) 
25.60 

(21.75) 
71.71 

(90.92) 
109.08 
(86.93) 

C1 > C2a; 
C4 > C2b 

Time scrolling 
information 

25.65 (16.91) 
29.73 

(15.99) 
22.47 

(14.38) 
18.69 

(14.31) 
 

Number of slides lineally 
read 

6.70 (4.06) 5.67 (2.77) 5.94 (2.95) 6.92 (2.25)  

Number of slides scanned 5.16 (3.09) 5.47 (2.61) 4.71 (3.39) 5.38 (3.70)  

Number of slides scrolled 24.22 (14.27) 
28.80 

(16.55) 
19.12 

(11.73) 
16.77 

(12.85) 
 

Time processing 
information 

65.92 (18.57) 
52.60 

(16.90) 
72.24 

(35.74) 
69.38 

(18.90) 

C1 > C2a ; 
C3 > C2a ; 
C4 > C2a  

Number of correct 
answers consulted 

3.57 (1.26) 3.93 (1.28) 2.65 (1.27) 2.38 (1.76) 

C1 > C3a ; 
C1 > C4a ; 
C2 > C3b ; 
C2 > C4a 

Number of correct 
answers non-consulted 

1.14 (1.21) 1.07 (1.28) 1.82 (1.13) 2.15 (1.46) 

C3 > C1a ; 
C4 > C1a; 
C3 > C2a ; 
C4 > C2a 

Number of incorrect 
answers consulted 

0.14 (0.35) 0.00 (0.00) 0.12 (0.33) 0.08 (0.28)  

Number of incorrect 
answers non-consulted 

0.16 (0.44) 0.00 (0.00) 0.41 (0.71) 0.38 (0.51) 
C3 > C2a ; 
C4 > C2b  

a p < 0.05 b p < 0.01 
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In addition, the results reveal that student from cluster two are the ones who spent less 

time processing information in task one. While students from cluster two are the ones who 

spent less time processing information (M = 52.60), students from cluster one (M = 65.92), 

students from cluster four (M = 69.38) and students from cluster three (M = 72.24) spent 

longer times processing information. 

Regarding the number of correct answers consulted, the students from cluster two 

present the highest number of correct answers consulted (M = 3.93) while students from 

cluster four present the lowest number of correct answers consulted (M = 2.38). However, the 

students from cluster four presented the highest number of correct answers non-consulted (M 

= 2.15) in task one as well as the highest number of incorrect answers non-consulted (M = 

0.38), while the students from cluster two presented the lowest number of correct answers 

non-consulted (M = 1.07) in task one as well as the lowest number of incorrect answers non-

consulted (M = 0.00). 

This second section provides a comparison of the students’ profile in the performance 

of the scanning and processing information skills in the final task 2.  
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Table 43 
Clusters solutions derived from students’ performance on task 2 

The results presented on Table 43 show that students from cluster two are the ones 

who spent the least time scanning useful information in task two (M = 23.53).   

Regarding the number of slides lineally read, the results show that students from 

cluster one (M = 7.38) and cluster four (M = 10.00) scanned a higher amount of information 

in a lineal way than students from cluster two (M = 4.40) did in task two. As also happens 

with the amount of information scanned by using scanning techniques in task two, students 

Students (N=82, 100%) 
 Cluster 1 

N=37 
(45.12%) 
M (SD) 

Cluster 2 
N=15 

(18.29%) 
M (SD) 

Cluster 3 
N=17 

(20.73%) 
M (SD) 

Cluster 4 
N=13 

(15.85%) 
M (SD) 

Significance 
level 

Time scanning useful 
information 

106.14 (56.67) 62.07 (23.53) 90.00 (46.71) 132.00 (32.72) 

C1 > C2b; 

C4 > C1a; 
C3 > C2a ; 
C4 > C2b ; 
C4 > C3a  

Time scanning non-
useful information 

7.65 (9.98) 7.47 (10.84) 8.88 (12.07) 15.62 (15.10) C4 > C1a 

Time scrolling 
information 

36.81 (18.60) 32.20 (11.46) 33.53 (14.71) 34.15 (25.03)  

Number of slides 
lineally read 

7.38 (3.68) 4.40 (1.68) 6.76 (2.80) 10.00 (3.22) 

C1 > C2b; 

C3 > C2b ; 
C4 > C2b ; 
C4 > C3b  

Number of slides 
scanned 

10.78 (5.14) 8.33 (4.07) 7.71 (3.72) 11.92 (3.50) 
C1 > C3a; 

C4 > C2a ; 
C4 > C3b  

Number of slides 
scrolled 

34.41 (17.86) 29.73 (11.75) 30.35 (14.30) 30.00 (22.10)  

Time processing 
information 

246.11 (66.40) 
221.20 
(32.49) 

252.35 
(51.50) 

257.00 (87.68)  

Number of correct 
answers consulted 

9.32 (3.07) 9.87 (3.11) 8.53 (3.36) 8.85 (3.60)  

Number of correct 
answers non-consulted 

4.11 (2.58) 4.40 (3.04) 4.65 (2.94) 2.85 (2.19)  

Number of incorrect 
answers consulted 

0.89 (0.84) 0.67 (1.05) 1.18 (1.33) 1.92 (1.44) 
C4 > C1a ; 
C4 > C2b 

Number of incorrect 
answers non-consulted 

0.68 (1.03) 0.07 (0.26) 0.65 (1.17) 1.38 (2.50) 
C1 > C2a ; 
C3 > C2a ; 
C4 > C2a  

a p < 0.05 b p < 0.01 
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from cluster one (M = 10.78) and cluster four (M = 11.92) also scanned a higher number of 

slides while students from cluster two (M = 8.33) and cluster three (M = 7.71) did not. 

Regarding the number of incorrect answers given in task two, students from cluster 

two demonstrate less incorrect answers whether consulted or non-consulted than the other 

clusters. Regarding the incorrect answers consulted, the students from cluster four showed the 

highest number of incorrect answers consulted (M = 1.92) while students from cluster two 

showed the lowest number of incorrect answers consulted (M = 0.67). Regarding the 

incorrect answers non-consulted, the students from cluster two showed the lowest number of 

incorrect answers non-consulted (M = 0.07) in task two, while the students from cluster four 

presented the highest number of incorrect answers non-consulted (M = 1.38) in task two. 

This third section provides a comparison of the students’ profile in the performance of 

the scanning and processing information skills in the final task 3.  
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Table 44 
Clusters solutions derived from students’ performance on task 3 

The analysis presented on Table 44 did not find significant relations between the 

different clusters according to the performance of the scanning information skill and 

processing information skill in task 3, which asks students to write five specific preventive 

measures to avoid getting the illness with the help of the slides of information given.  

Based on the analysis of the results presented in the previous section, three main 

considerations can be discussed: 

Students (N=82, 100%) 

 Cluster 1 
N=37 

(45.12%) 
M (SD) 

Cluster 2 
N=15 

(18.29%) 
M (SD) 

Cluster 3 
N=17 

(20.73%) 
M (SD) 

Cluster 4 
N=13 

(15.85%) 
M (SD) 

Significance 
level 

Time scanning useful 
information 

40.81 (22.08) 39.13 (34.38) 42.29 (34.35) 32.92 (21.36)  

Time scanning non-
useful information 

4.00 (10.98) 5.73 (12.60) 4.65 (12.46) 4.00 (6.78)  

Time scrolling 
information 

13.24 (11.32) 14.73 (11.90) 10.82 (7.56) 9.31 (5.30)  

Number of slides 
lineally read 

3.05 (2.21) 2.47 (1.81) 2.94 (2.08) 2.85 (1.95)  

Number of slides 
scanned 

4.30 (3.05) 4.13 (3.00) 4.06 (2.70) 3.23 (2.20)  

Number of slides 
scrolled 

12.57 (9.57) 12.53 (9.67) 9.94 (6.47) 9.00 (4.69)  

Time processing 
information 

163.49 (44.11) 
193.27 
(57.17) 

182.24 
(65.46) 

152.54 (63.63)  

Number of correct 
answers consulted 

3.84 (1.30) 3.67 (1.63) 3.94 (1.14) 3.23 (1.36)  

Number of correct 
answers non-consulted 

0.92 (1.19) 1.20 (1.47) 0.76 (0.75) 0.92 (1.19)  

Number of incorrect 
answers consulted 

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.08 (0.28)  

Number of incorrect 
answers non-consulted 

0.22 (0.75) 0.13 (0.35) 0.29 (0.59) 0.77 (1.24)  

a p < 0.05 b p < 0.01 
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a) In task 1 performance students from cluster two demonstrate less scanning and 

processing times but more correct consulted answers and less incorrect non-

consulted answers than other clusters. 

The results demonstrate that students from cluster four, who are characterized by 

having lower average final science knowledge, spent much more time scanning non-useful 

information in task one than students from cluster two, who are characterized by being the 

students with the highest average final science knowledge. In addition, the students from 

cluster two showed the highest number of correct answers consulted while students from 

cluster four showed the lowest number of correct answers consulted. 

From my point of view, this could be because students from cluster four have not 

developed the necessary abilities enough to find the appropriate information that they are 

searching four, while students from cluster two are efficient at scanning information to later 

answer properly the questions from task one.  

Coherently, the students from cluster four presented the highest number of correct 

answers non-consulted in task one as well as the highest number of incorrect answers non-

consulted, while the students from cluster two presented the lowest number of correct 

answers non-consulted in task one as well as the lowest number of incorrect answers non-

consulted.  

This fact could be explained due to the reason that students from cluster two did not 

consider answering task one, which required answering multiple choice questions, without 

scanning the proper information needed in order to be sure in the selection of the right 

question unless they already knew the answer from previous knowledge. However, students 

from cluster four, who had more difficulties when scanning the proper information to answer 

the questions, chose the possibility of answering the multiple choice questions from task one 
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without knowing for certain if the answers are correct or not, which leads them to more non-

consulted correct answers and non-consulted incorrect answers. 

b) In task 2 performance students from cluster two demonstrate less scanning and 

less incorrect answers than other clusters. 

The results demonstrate that students from cluster one and cluster four devoted more 

time to scanning useful information while students from cluster two did not, which could be 

explained by the fact that students from cluster two had scanned the useful information in the 

previous task and did not need to do it in the following tasks. Accordingly, the results show 

that students from cluster one and cluster four scanned a higher amount of information in a 

lineal way than students from cluster two did in task two. As also happens with the amount of 

information scanned by using scanning techniques in task two, students from cluster one and 

cluster four also needed to scan a higher number of slides while students from cluster two and 

cluster three did not.  

From my point of view, this fact could be explained in first place due to the fact that 

students from cluster two know where to find the information since the text has been 

analyzed by them in the first task, or in second place due to the fact that students from cluster 

three did not find the need to do it because they had already found the information by using 

lineal reading.  

Consistently with what has been said in task two, which required students to scan the 

proper information to fill in a conceptual map, students from cluster two are the students who 

showed the lowest number of incorrect answers consulted and non-consulted, while students 

from cluster four are the ones that present the highest number of incorrect answers consulted 

and non-consulted, which again reflects the problems they have when searching for the 

proper information. 

c) Non-significant relations were found between the different clusters in task 3. 
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The analysis did not find significant relations between the different clusters according 

to the performance of the scanning information skill and processing information skill in task 

three, which asks students to write five specific preventive measures to avoid getting the 

illness with the help of the slides of information given.  

This information could indicate that when students are required to complete task 

three, the students are familiarized enough with the slides of information because they have 

been working with them in the two previous tasks, so the majority of the students, even the 

weaker ones, know where they can locate the useful information to complete task three. 
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7. Conclusions 

With the intention to expand further on academic knowledge available about students’ 

IPS process development, the main aim of the present research has been to analyze the 

relation among certain students’ individual characteristics and students’ performance of 

scanning and processing information skills through an instruction developed in a science 

IWBL environment called WISE. Taking into account all the literature that has been 

presented above, as well as the results from the empirical analyses, this section will present 

the conclusions of this investigation according to the six specific objectives described before: 

Objective 1: to determine if there are any differences between the two genders in 

relation to the different individual students’ variables. 

The results obtained in the research for this objective allow drawing two main 

conclusions that will be more carefully developed below.  

The first conclusion is that slight differences exist between males and females in some 

individual aspects related to the learning of sciences through inquiry.  

Specifically, male participants have demonstrated to be slightly better than female 

participants in three specific items of certain individual aspects obtained throughout the 

different measuring instruments. First, regarding the differences between students’ reading 

skills, male participants have demonstrated to be better than female participants in one of the 

three items considered, which deals with answering reading questions that demanded text 

reflection of content and form of them. Secondly, regarding the differences between students’ 

ICT skills, the male participants have demonstrated to be better than the female participants 

are in just two of the seventeen items considered, which deal with being able to use ICT to 

appropriately process the obtained information and with being able to set up a printer. 

Thirdly, regarding the differences between students’ previous and final science knowledge, 
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male participants have demonstrated to be better than female participants in the global results 

of assessment. 

This conclusion is consistent with available literature on the topic which suggests that 

there might be certain differences among both genders in relation to certain individual 

characteristics. For instance, O’Reilly and McNamara (2007) who examined how well 

cognitive abilities predicted high school students’ science achievement observed that male 

students scored higher on scientific knowledge and on reading comprehension. To be more 

specific, in terms of the format of questions and differences in gender on content-based 

assessments, males were shown to score higher on both multiple choice and open-ended 

questions than females. 

In the same vein, Halpern et al. (2007) observed that females were found to have a 

tendency to do extremely well in verbal skills, while males did better than females on most 

measures of visuospatial skills. The authors concluded that females’ advantage in verbal 

skills allows them to be successful in all educational domains, whereas males’ advantage in 

visuospatial skills allows them to better complete standardized exams in mathematics and 

science. However, the authors concluded that early experience, educational policy, biological 

factors, and cultural context influence the amount of women and men who pursue higher 

studies in science and math and that these effects work together in complex ways, which may 

indicate that there are no single responses to the multifaceted questions about gender 

differences in science and mathematics. 

In accordance with the reflection of previous authors, but in opposition to the results 

obtained from the current research, other recent research studies, which focused on gender 

differences and academic achievement, found female students to be better than male students 

in scientific and technological knowledge achievement despite the fact that the self-concept 
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of their knowledge on the field of study was lower than male students (Sáinz & Martínez-

Cantos, 2016; Schoon & Ng-Knight, 2017). 

The second conclusion that has emerged from the previous objective is that both 

genders succeeded and passed the final science knowledge assessment after the instruction 

had been received.  

Because both genders improved their final mark compared to the initial one and were 

able to pass the final science knowledge assessment with merit, this data may support the fact 

that the instruction received by the students about IPS embedded in science curricular content 

and developed in an IWBL environment, was effective for both groups of students 

independently of their gender. 

The second conclusion drawn is consistent with available literature on the topic, 

which states that thanks to an IPS instruction embedded in science curricular content and 

developed in an IWBL environment, students have increased their learning outcomes in 

scientific knowledge by showing greater knowledge of the worked topic after the instruction 

has been accomplished. For instance, Alfieri et al. (2011) who compared the IBL model to 

different models of teaching and learning, such as the transmission or discovery models, 

revealed that students who had been instructed trough the IBL model achieved better learning 

outcomes at the end of the teaching and learning process. Consistently, Argelagós and Pifarré 

(2012) also confirmed that the teenagers in secondary education who received an IPS 

instruction embedded in the science curriculum had positive results when developing IPS 

skills. More precisely, the results determined that participants demonstrated to have greater 

marks on task performance than the participants who belonged to the control group. 

Before closing the reflection point of this first objective, it is worth mentioning that 

the small differences presented between the two genders might be statistically but not 

practically meaningful, since both genders succeed satisfactorily and pass the science final 
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knowledge assessment after the instruction received. This reasoning could be coherent with 

Halpern et al. (2007), who mentioned that previous experience, biological conditions, 

educational guidelines, and cultural background have effects, and these effects may interact 

in complex and occasionally unpredictable ways, as could have happened in the current 

research study.  

Objective 2: to determine the relations established between students’ individual 

characteristics and students’ performance when scanning information.  

The main conclusion to be taken from the objective pursued is that there are not 

numerous significant positive correlations between students’ individual skills and their 

achievement when performing the scanning information skill.  

Despite the lack of numerous significant correlations between students’ scanning 

information skill performance and students’ individual characteristics, three correlations can 

be highlighted.  

Firstly, students’ reading skill seems to be related with the way in which students 

develop scanning skill, when they are required to answer an activity which mainly asks them 

to connect concepts and ideas from a given text in order to create a partly constructed 

conceptual map. This statement is consistent with some previous investigations such as the 

one developed by Hahnel, Goldhammer, Naumann and Kröhne (2016) who mentioned that 

students who were skilled in reading linear texts were estimated to understand and relate 

important concepts presented on nodes in the hypertexts. Additionally, Salmerón et al. (2017) 

mentioned that expert readers scanned more rapidly and revisited sections of the hypertext 

that did not have relevant information fewer times, particularly in integrated questions. 

Nevertheless, Potocki et al. (2017) specify that in their research study the differences 

evidenced in students’ strategies performance were not linked to the participants decoding of 

comprehension skills but rather to their knowledge of reading strategies.   
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Secondly, students’ ICT skill is only correlated with students’ scanning information 

skill performance, since only the students’ information literacy category seems to be 

correlated to the amount of information scrolled through when students are required to handle 

isolated information without transforming the content in any way and when students had to 

connect concepts and ideas from more than one information source building a conceptual 

map. This fact indicates that from the different items which form the ICT skill the one which 

has a significant relationship with the IPS skills analyzed is the information literacy skill, 

because it deals with the ability of the students to identify information needs, assess 

information quality, manage information, use information effectively and ethically and create 

and communicate knowledge through the application of information (Lau & Yuen, 2014). 

Coherent with this second relation, but opposite to the main conclusion drawn from 

the second objective, the results obtained by Coiro (2011) suggested that students reading 

skills and ICT skills were essential prerequisites for useful digital reading since data showed 

that skilled readers with ICT skills were better at locating information from hypertext. 

However, there are not enough research studies that focus their attention on the possible 

relationships between students’ ICT skills and their IPS task performance to establish more 

relations or differences with previous research studies (Hahnel, Goldhammer, Naumann, & 

Kröhne, 2016).  

Finally, students’ previous knowledge seems to be correlated to the amount of 

information scrolled through and scanned by students when are asked to handle isolated 

information without transforming the content in any way, since students with excellent 

previous knowledge use more scanning strategies to develop the previously mentioned 

activity because they know where to locate the information they are searching for, and they 

do not need to read all the information given to solve the task in a linear way. 
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The findings drawn from this third relation agree with earlier investigations which 

state that there could be a close relation between students’ previous knowledge and their 

decisions when selecting a particular piece of information (Rouet et al., 2011). For instance, 

Wood et al. (2016) examined how students’ previous domain knowledge and students’ level 

of expertise in search skills influenced the way in which students scanned information on the 

Internet. Data revealed that the combination of high search expertise and high previous 

domain knowledge produced the most effective searches since students with higher previous 

domain knowledge used the sites more thoroughly. Consistently, students who have less 

previous knowledge may be more limited to effectively performing a different problem-

solving process which could mean that they do not use scanning strategies since they feel the 

need to linearly read each piece of information provided to solve the task suggested (Kim & 

Hannafin, 2011). 

Before closing reflections on the second objective, it is relevant to remember that the 

main conclusion driven from this objective is that no significant positive correlations between 

students’ individual skills and their achievement when performing the scanning information 

skill have been found.  

Objective 3: to determine the relations established between students’ individual 

characteristics and students’ performance when processing information.  

From the third specific objective, one main conclusion can be drawn, which is that 

there are not numerous significant relations between students’ individual skills and their 

achievement when processing information skill performance. Despite the non-presence of 

numerous significant relations between students’ processing information skill performance 

and students’ individual characteristics, two primary relations can be concluded. 

Firstly, students’ reading skill and students’ previous knowledge seem to be the 

individual skills that have most impact on the students’ processing information skill 
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performance especially when students are required to answer an activity which mainly asks 

them to connect concepts and ideas from a given text in order to create a conceptual map. 

Consistently, previous research studies have observed similar relations such as Hahnel, 

Goldhammer, Naumann, & Kröhne (2016) who observed that students who were skilled in 

reading linear texts were estimated to understand and relate significant concepts presented on 

nodes in the hypertexts. In addition, Rouet et al. (2011) affirmed that there could be a narrow 

relationship between students’ previous knowledge and their time spent processing 

information since data revealed that the more previous knowledge participants had, the faster 

they processed the first search engine page. However, researchers revealed that participants 

who had higher previous knowledge also had less tendency to use keywords, extracted from 

the search problem statements in their initial search and during the following scanning of 

information. 

Second, students’ ICT skill only impacts on student’ processing information skill 

performance, only students’ information literacy seems to be related to the number of 

students’ correct answers consulted when students are asked to answer a question that 

requires them to handle isolated information without transforming the content in any way and 

to connect concepts and ideas from more than one information source in a simple fashion 

such as a conceptual map. According to Lau and Yuen (2014), the fact that few relations have 

been found may happen because from the different items which form the ICT skill the one 

which has a major relation with the IPS skills analyzed is the information literacy skill which 

is closely related to IPS process because it deals with the capacity of the students to identify 

information needs, assess information quality, manage information, use information 

effectively and ethically and create and communicate knowledge through the application of 

information. 
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The conclusion drawn is consistent with previous empirical research studies which 

state that students with powerful, necessary computer skills were able to find, access, and 

relocate information in digital environments, indirectly supporting their comprehension of 

digital text (Goldhammer et al., 2014; Hahnel et al., 2016; Naumann, 2015). However, there 

are not sufficient research studies that centre their interest on the potential relationships 

between students’ ICT skills and their IPS task development to establish more relations or 

differences with previous research studies (Hahnel, Goldhammer, Naumann, & Kröhne, 

2016). 

Contrary to the main conclusions derived from the last two objectives which state that 

no significant correlations have been found among students’ individual skills and students’ 

performance of scanning and processing information skills performances, Brand-Gruwel et 

al. (2005) mentioned the relevance of considering conditional skills and regulatory skills 

when developing an IPS process since they could influence the development of the central 

cognitive skills. 

Coherently, one last reflection has to be made, which is that because no numerous 

significant relations between students’ individual skills and their achievement when scanning 

and processing information skill performance emerged, the results may indicate that the 

difference in students’ scanning and processing information skill performance between before 

and after the instruction received by the students is not influenced by the students’ individual 

skills but seems to be influenced by the instruction received based on IBL environment. This 

reflection made, together with the ones that will be below presented, in relation to further 

research objectives, may reveal a relevant fact, which is that the instruction designed helps 

students to improve the performance of the scanning information skill regardless of the 

individual characteristics of the students. 
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Objective 4: to determine the relations established between students’ scanning 

information skill performance and students’ processing information skill performance in 

different types of tasks. 

The main conclusion extracted from the fourth specific objective is that high 

correlations between numerous categories of scanning information skill performance and 

processing information skill performance have been found.  

From my point of view, the main explanation for this fact is that students’ 

development of constituent skills is highly related by the way in which different constituent 

skills are developed according to the type of task. This conclusion supports the findings 

obtained by previous researchers who suggest that the IPS skills can be used by the students 

according to the diverse necessities of the assignment and according to the requirements that 

the task demands (Monereo & Badia, 2012; Şendurur & Yildirim, 2015). 

Additionally, another conclusion driven from this objective is that certain categories 

have shown to be correlated in the same way in two or in three types of tasks, while there are 

other categories which do not show correlations in any task or just in one task. From them, 

three main outstanding correlations have been discussed. 

 The first correlation found revealed that students who do not use scanning techniques 

to scan information spend more time scanning information in order to find the right 

information to achieve the aim of the task proposed. In the present investigation the main 

reason that can explain this fact is that students with higher times scanning useful and useless 

information also have a higher number of slides lineally read which may mean that the 

students who do not use scanning techniques to scan information spend more time scanning 

information in order to find the right information to achieve the purpose of the task proposed. 

This reasoning is consistent with previous research studies developed, since according to 

Salmerón, Naumann, García, and Fajardo (2017), students who use scanning techniques scan 
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quicker and revisit segments of the hypertext that did not contain relevant information less 

often. 

The second correlation found was that students who do not use scanning techniques to 

scan information take longer to understand what the information that has to be found in order 

to successfully answer the tasks proposed is, which means that as the amount of time that the 

students spend developing scanning techniques increases, so does the number of correct 

answers consulted, but the number of correct answers non-consulted decreases. This fact may 

indicate that students, who use scanning techniques to scan information, scan information 

bearing in mind the question to be answered, something that does not happen with the 

students who read the slides lineally who start scanning the information given without 

bearing in mind what they need to find. After reviewing the literature, it was found that this 

relationship did not appear before in any other investigation.  

The third correlation to be highlighted is that students with longer times of processing 

information show better outcomes when conceptual maps construction and specific writing 

are required. In more complicated tasks that require the students to connect concepts and 

ideas from more than one information source and to think about concepts in order to develop 

complex conceptual frameworks, it has been shown that as the students dedicate more time to 

processing information the number of correct answers consulted increases and the number of 

incorrect answers non-consulted decreases. This fact indicates that students with longer times 

of processing information show better achievement when conceptual map construction and 

specific writing development is required, which is connected with the results obtained by 

previous researchers who indicate that processing significant information to accomplish the 

task given could be associated with extensive processing times (Hahnel, Goldhammer, 

Naumann, & Kröhne, 2016). Consistently, Walhout et al. (2015) mentioned in the results 
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obtained from their study that deeper processing of information needed for the fulfillment of 

the information required in task was reflected in longer viewing times of web pages. 

Regarding task complexity, the results obtained are consistent with the ones presented 

by Becerril and Badia (2015) who mentioned that in a more cognitively complex task, the 

students showed higher performance levels in the information search, browsing and 

development skills.  

Objective 5: to identify the difference between the students’ initial and final learning 

performance.  

The main conclusion that can be extracted from the established objective is that there 

are numerous significant differences between students’ initial and final learning performance. 

The students’ improvement shown through data collected allows us to confirm that the 

instruction designed to improve students’ IPS skills embedded in science curricular content 

and designed in an IWBL environment has been tremendously successful since all the 

students have improved the learning performance of both, science knowledge on illnesses and 

health, and IPS skills performance. 

The results obtained from the fifth specific objective initially established in the 

investigation were classified into two main branches. The first branch included the results 

that stated the difference between students’ initial and final science knowledge on illnesses 

and health, while the second branch included the results that stated the difference between 

students’ initial and final IPS performance. 

Considering this division on students’ learning outcomes, the general conclusion can 

give place to two more specific conclusions. The first is that, thanks to the instruction 

developed in an IWBL environment, students increase their learning outcomes in scientific 

knowledge by showing a higher knowledge of scientific content, which confirms the results 
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obtained by other researchers who stated that inquiry learning was a successful methodology 

to promote students learning of scientific content (Alfieri et al., 2011). 

Simultaneously, the results obtained are consistent with the results that Thoron and 

Myers (2012) presented, which stated that students who had been taught with IBL 

environments scored higher on content knowledge assessments as compared to students who 

were taught through traditional methods. Zhang and Quintana (2012), who also examined the 

differences between students that learned sciences through a regular method and other who 

learned through an IWBL environment, revealed that the inquiry strategies implemented in 

the software were effective to improve students’ learning performance.  

Consistently, Becker, Klein, Gößling and Kuhn (2019) also highlighted the 

participants’ improvement in science learning after participating in the instruction designed. 

More concretely, the authors investigated, in real classroom settings, how mobile devices 

could be used to augment inquiry-based learning processes in science content, the results 

revealed that students had greater conceptual knowledge on the field of study which dealt 

with physical experiments.  

The results obtained in the Buckner and Kim (2014) research study also coincided 

with the previous results found. The purpose of their research was to integrate ICT and 

inquiry-based pedagogies in classroom settings by using a software called: Stanford Mobile 

Inquiry-based Learning Environment (SMILE). The data collected demonstrated that the 

integration of ICT and inquiry based pedagogies effectively encouraged student questioning 

and changed student-teacher dynamics in class. However, they also found out that school and 

country contexts influenced students’ initial abilities to form profound inquiries, and SMILE 

was more complicated to apply in regions where memorization pedagogies were common.  

The second specific conclusion that emerges from the results is that students improve 

their performance of IPS skills after the instruction developed on an IWBL environment, 
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which demonstrates that the results derived from the investigation are consistent with the 

results presented by Raes et al.  (2012) who mention that promoting IPS learning within 

connected inquiry activities is useful for students’ improvement of highly interrelated 

constituent skills and sub-skills involved in IPS. As well, Mäeots et al. (2008) earlier 

supported the idea that web-based inquiry science environments increase students’ learning 

achievement as well as on several inquiry skills that have several points in common with IPS 

skills. 

One of the most outstanding indicators of students’ IPS skills improvement, that 

confirm the previously drawn conclusion, were the results which revealed that the time that 

students spent scanning and processing information after the instruction was less than before 

the instruction, since as Şendurur and Yildirim (2015) stated, short scanning times are related 

with students  use of more efficient and selective scanning strategies allowing them to find 

the appropriate information straightaway, and to answer the task proposed more quickly. 

Conversely, the results differ in the skill of processing information from the ones obtained by 

Hahnel et al. (2016), which state that processing significant information to accomplish the 

task could be associated with long processing times. 

Another group of results to be highlighted that support the previous conclusion were 

the ones that demonstrate that students had a higher level of expertise after the instruction 

because lineal reading was reduced when students scan information, while scanning 

techniques usage was increased when students scanned information. This indicator coincides 

with the explanation made by Liu (2005), who mentions that when students are exposed to 

different digital texts, such as has happened during the instruction, the students start to 

develop the so-called screen-reading behavior, which is mainly characterized by a growth of 

the time devoted to scrolling and scanning, while less time is devoted to linear reading 

demonstrating in this way a higher domain of IPS skills usage.  
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Furthermore, the last strong sign that supports the conclusion established is the fact 

that students increase the number of correct answers given in each task and also they decrease 

the number of incorrect answers given, which is what Argelagós and Pifarré (2012) also 

found in their investigation, since it was concluded that the experimental students who had 

been instructed through an IWBL environment displayed better task performance than control 

students who were not. Mason et al. (2014) also demonstrated that students who received an 

IPS based on inquiry tasks development performed better than the others in the inquiry task 

of the instructional context and in the transfer inquiry task, since they showed more suitable 

navigation behavior and better source assessment, in addition to higher surface and more 

profound comprehension of the consulted information. 

Consistent with the conclusions derived from this point, Frerejean et al. (2019) 

mention that participants who had received the instruction searched for and selected 

information more systematically in the short term.  However their search query sources and 

answers were not significantly higher than the ones obtained from the participants who did 

not take the specific instruction and attended the regular course. In addition, participants’ 

progress was not noticeable after five weeks since the instruction ended. 

Objective 6: to describe the main differences in students' scanning and processing 

information skills performance in each type of final task, according to students’ final science 

knowledge profile. 

This investigation found the appearance of four differentiated students’ profiles 

regarding students’ science final knowledge. The four profiles obtained were given a name 

according to the students' level domain of science final knowledge on illnesses and health. 

If the clusters are presented according to an ascending graduation of students’ level 

domain of science final knowledge on illnesses and health, the first cluster to be mentioned is 

the cluster 4, which was labeled as low level students of science knowledge. Then, students 
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from cluster 3 were labeled as intermediate level students of science knowledge with low 

achievement in developing complex conceptual framework tasks. After them, students from 

cluster 1 were labeled as intermediate level students of science knowledge with acceptable 

achievement in developing complex conceptual framework tasks. Finally, students from 

cluster 2 were labeled as high level students of science knowledge.  

Considering the previous ascending graduation, the first students’ profile described 

were low level students of science knowledge. These students are characterized by being 

students that do not have enough knowledge to satisfactorily complete different types of tasks 

that deal with science content on illnesses and health. 

The second students’ profile can be placed above previous students’ level and thus be 

named intermediate level students of science knowledge with low achievement in developing 

complex conceptual framework tasks, since they are characterized by being students who 

have demonstrated average results when they are required to solve different types of tasks 

that deal with science content on illnesses and health. They make numerous mistakes when 

they have to develop a task which requires them to think about concepts and develop 

complex conceptual framework. 

The third students’ profile is named intermediate level students of science knowledge 

with acceptable achievement in developing complex conceptual framework tasks and they are 

characterized by being students who have demonstrated medium results when they are 

required to solve different types of tasks that deal with science content on illnesses and 

health. 

The last students’ profile of the graduation, which includes the students with a higher 

level of expertise, is named high level students of science knowledge. Students belonging to 

this profile are characterized by being extremely competent students when required to solve 

different types of tasks that dealt with science content on illnesses and health.  
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Once having specified the main differences between students belonging to different 

profiles, the attention is focused on how students from different profiles, perform scanning 

and processing information skills on each type of final task.  

In task 1 performance, which consisted in handling isolated information without 

transforming the content in any way, high level students of science knowledge demonstrated 

lower scanning and processing times but more correct consulted answers and less incorrect 

non-consulted answers than students from other profiles. However, low level students of 

science knowledge spent much more time scanning non-useful information in task one than 

advanced domain students. In addition, high level students of science knowledge present the 

highest number of correct answers consulted, while low level students of science knowledge 

present the lowest number of correct answers consulted. 

In task 2 performance, which dealt with connecting concepts and ideas from more 

than one information source in a simple fashion and had a form of a conceptual map with 

specific concepts, high level students of science knowledge demonstrated less scanning and 

less incorrect answers than other students, while low level students of science knowledge and 

intermediate level students of science knowledge with acceptable achievement in developing 

complex conceptual framework tasks devoted more time to scanning useful information while 

high level students of science knowledge did not. Accordingly, while low level students of 

science knowledge and intermediate level students of science knowledge with acceptable 

achievement in developing complex conceptual framework tasks scanned a higher amount of 

information in a linear way than high level students of science knowledge did. As also 

happens with the amount of information scanned by using scanning techniques in task two, 

low level students of science knowledge and intermediate level students of science knowledge 

with acceptable achievement in developing complex conceptual framework tasks also needed 

to scan a higher number of slides while high level students of science knowledge and 
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intermediate level students of science knowledge with low achievement in developing 

complex conceptual framework tasks.  

In task 3 performance, which required students to think about concepts and develop 

complex conceptual frameworks, non-significant relations were found between the different 

students profiles, from which it was concluded that it may be like this because all the students 

were familiarized enough with the slides of information because they had been working with 

them in the two previous tasks, so the majority of the students, even the weaker ones, know 

where they can locate the useful information to complete task three. 

After reviewing the literature, it was found that profiles characterizing students’ 

performance of scanning information and processing information skills performance had not 

appeared before in any other investigation. However, previous research studies have aimed to 

determine different profiles for other constituent skills of the IPS process. For instance, 

Castañeda-Peña, Barbosa-Chaccón, Marciales and Barreto (2015) sought to understand 

university students’ information-literacy profiles when searching for information. The results 

found that three main profiles could be identified in order to differentiate the way in which 

students searched for information.  

Firstly, the Information-Collector Profile included students who were mainly 

characterized by believing that the truth lies on the Internet and who had an important lack of 

task planning which leads them to frequently “cut and paste” information. Secondly, 

Information-Checker Profile included students who were characterized by understanding that 

the knowledge is not fixed and searched for information on consistent databases. The last 

profile, named Reflexive Student Profile, included students who assumed that academic tasks 

were a part of their professional development and carefully started searching for information 

after previous planning.  
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The profiles obtained in the previous study mentioned helped researchers to better 

understand how university students could be helped to improve their searching strategies 

when information was needed to fulfill a task given, as also happens in the present research 

study, in which the birth of the different profiles established may allow for the design of 

future IPS instruction focused on each students’ profile. 

Generally, the conclusions presented in relation to each one of the learning objectives 

allow us to state two main conclusions from the present research study.  

The first general conclusion is that the instruction designed in an IWBL environment 

seems to be effective since the students’ knowledge on illnesses and health is greater than the 

students had before the instruction had been received, as well as the students’ performance of 

scanning information and processing information skills performance. Consistently, the fact 

that the difference in students’ scanning and processing information skills performance 

between the before and after the instruction received is not influenced by the students’ 

individual skills, may demonstrate that the instruction received by the students is the one that 

has influenced on this difference. This fact may indicate that the instruction designed is valid 

for the improvement of students scanning and processing information skills regardless of the 

individual characteristics of the students.  

Coherently, the second general conclusion is that data obtained as a whole, may act 

like opening a door to a new way of understanding and thinking about the processes of IPS. 

Surprisingly, contrary to what the IPS model suggested by Brand-Gruwel et al. (2005), 

characterized by describing a sequence of cognitive processes defined by the central 

cognitive skills as well as the regulatory and conditional skills both involved in the process, 

we would venture to think that the process is more dynamic and the phases should not be 

strictly sequential. This emerging way of understanding the IPS process has also been 

suggested by other authors who say that the IPS skills can be used by the students according 
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to the diverse necessities of the assignment and according to the requirements that the task 

demands (Badia & Becerril, 2015; Becerril & Badia, 2015; Monereo & Badia, 2012; 

Şendurur & Yildirim, 2015). Therefore, we might conclude that a good execution of the IPS 

process could be more influenced by how various constitutive abilities are applied than by the 

possible individual abilities that could affect the process itself. 
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8. Limitations  

After the conclusions of the investigation have been detailed, the current section aims 

to collect all the limitations of the research study, considering both the theoretical framework 

as well as the empirical features.  

This study has some limitations. In the first place, it has to be considered that one of 

the main purposes of the current research study has been to determine how certain individual 

characteristics of the students are related to students' development of concrete IPS skills. In 

the current research study the following individual characteristics have been considered: 

students' reading skills, students' ICT skills, and students' previous knowledge, although there 

may be other individual factors not considered in the current study that might affect the 

students' performance when developing IPS processes. Therefore, it could have been 

interesting to have measured more individual characteristics of the students susceptible of 

being related to the IPS process despite their not being included in figure 1. 

The second limitation to mention is that the research investigation developed has been 

highly contextualized since the type of task developed by the students; the curricular content 

and the technology used have been carefully chosen. This is the reason why it could be 

interesting to develop a larger investigation to apply the study with students from other 

centers and ages and with other curricular contents to confirm the obtained results in other 

educational conditions. 

Another limitation that might appear is related with the instruments used to collect 

information. Primarily, the data has been collected using different tests for each student’s 

individual characteristics and non- participant observation for analyzing the scanning 

information skill development and the processing information skill development. For this 

reason, a qualitative approach based on interviews and participant observations could have 

extended the current knowledge beyond the statistical significance obtained and generated a 
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deepness of understanding about the field of study. Additionally, a few recent research 

studies have begun to use other, perhaps more accurate, data collection tools such as Eye-

Tracking technology, which could possibly have brought us more precise information about 

students' development of scanning and processing information skills performance. 

Furthermore, one of the specific objectives presented in the first section of the 

empirical framework pursued was to determine if there were any differences between the two 

genders in relation to the different individual students’ variables. However, this objective did 

not compare students’ performance of scanning and processing information skills with 

students’ gender, which could have brought to the study additional information regarding the 

possible relations established between the influence of students individual characteristics and 

students’ performance when developing scanning and processing information skills as 

Walhout et al. (2015) did. Nevertheless, their results demonstrated that neither navigational 

support nor gender was associated with differences in task performance. 

Finally, it could have been interesting to develop a new data collection system after a 

prudential time after the instruction has passed to deeply check if the knowledge achieved by 

the students lasts or not in time. By this way, it could have been demonstrated if the students 

had been able to transform the knowledge and skills acquired during the instruction 

developed, into competencies for acting different authentic contexts even outside the 

academic one. Frerejean et al. (2019), for instance, demonstrated that carrying out an 

investigation after the instruction received may demonstrate if the knowledge initially 

acquired by the students after the instruction lasts or not in time. 
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9. Future Research Lines 

After having considered all the limitations derived from this study, the following 

paragraphs aim to put forward various future lines of research that may be considered in 

further investigations.   

One primary research line in the field of study of IPS process, should investigate how 

other individual factors not considered in the current study, might affect the students’ 

performance of each concrete skill of the IPS. Since the results have demonstrated that there 

are not many relations between the analyzed students’ individual characteristics and their 

performance on certain constituent skills of the process, there might be other individual 

characteristics of the students that could have an effect on how students develop the IPS 

process. For instance, it could be interesting to pay special attention to the students' emotions 

before, during and after solving an IPS task, to find out how these emotions could affect the 

IPS task fulfillment. In addition, it could also be interesting to consider how the students' 

familiar background might influence their performance when they are required to solve an 

IPS task. 

Considering the possible relevance that students’ individual characteristics may have 

on their IPS skills performance, a second research line could focus its attention on designing 

adapted instructional methods to work on IPS process development according to students’ 

individualities. This concreteness could help, on the one hand, students to improve their 

mastering of the IPS skills considering their specific needs. On the other hand, the results 

obtained from similar future studies could also provide researchers with valuable data to 

better adjust the teaching and learning process of IPS skills, which undoubtedly would help 

teachers to better attend to diversity in the schools. 

Despite the fact that in the current research no attention has been paid to the teachers’ 

role in the students’ IPS process, it is crucial to highlight the important responsibility that 
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teachers have for the students teaching and learning process. For this reason, a third research 

line could pay attention to how teachers’ performances might influence the whole teaching 

and learning process of IPS skills development. Analyzing how teachers might provide 

different strategies to support the process of acquisition of IPS skills by students could be 

relevant to the teachers’ influence on students’ performance when executing IPS tasks. 

Moreover, since the globalized world we live in is constantly changing and nowadays 

numerous technologies for teaching and learning processes are frequently emerging, a fourth 

research line could focus its attention on discovering how students’ acquisition of scientific 

contents might be fostered by using new information and communication technologies. 

Additionally, it now becomes crucial to identify what works properly with each type of 

student to better help them in the teaching and learning process, because a specific way of 

teaching and learning is not valid for all students since they present numerous differences. 

Considering both, it can be thought that using different emerging educational tools in the 

teaching and learning process of the students will become crucial to adapt the teaching and 

learning process to the target student in each case. These emerging tools can also bring us 

different learning models that would probably fit better with the current society where 

students have to coexist. 

Last of all, a fifth research line that could stem from the current research study is to 

focus attention on determining relations between the different constituent skills of the IPS 

processes expected to be employed by students, in order to know how the performance of 

each constituent skill may affect the execution of another one. If researchers find how 

students may develop IPS process in a dynamic way without expecting them to follow a 

sequence of constituent skills to complete the IPS task suggested, it might be possible to learn 

how to develop a more strategic and efficient IPS task, focused on the specific requirements 

of the task. 
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10. Educational implications 

After presenting the conclusions, the limitations of this work and the future research 

lines, it also becomes essential to mention in a few words the various educational 

implications that originate from the results achieved and the reflections made in the present 

research. The educational implications are presented considering two main levels: teaching 

and learning IPS skills, and teaching and learning science in IWBL environments. 

 First of all, it has to be considered that one of the main goals of present 

education is to help students become future citizens who are able to coexist in 

the society where we live and who are capable of facing the future problems 

that humanity might have to overcome. Considering this state of affairs, 

training students in solving different informational problems should be one of 

the greatest concerns of educators, because being able to solve IPS problems, 

even outside of the academic context, will make students more proficient at 

successfully participating in the current civilization. In fact, there are currently 

many job positions where students are required to solve informational 

problems satisfactorily. For this reason, proficiency at solving different 

informational problems will open a new path for students in choosing a job of 

their choice in the current globalized society. 

 Secondly, the results have proven that teaching and learning IPS skills 

embedded in curricular science content has been a complete success. 

Therefore, considering previous research studies as well as the data obtained 

in the present research, teachers have to bear in mind that IPS skills should not 

be taught as a single content, but rather as a set of skills that support students 

when learning different curricular contents. For this reason, it is important not 

only to pay attention to IPS skills in an isolated way, but also to consider 
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embedding IPS skills instruction in other curricular contents to obtain benefits 

from the combination of both. By this way, students will acquire a more 

grounded knowledge since the content will have been acquired in a 

meaningful context for them. 

 Thirdly, data obtained has suggested the possibility of considering IPS process 

as a dynamic process influenced by the various constituent skills that are 

applied, rather than a sequential process influenced by the different regulatory 

and conditional skills. Therefore, it might be interesting to instruct students on 

how different IPS skills can be employed according to the different tasks 

requirements in order to better achieve the purpose of the assignment. 

 In addition, despite the fact that students’ individual characteristics have not 

been highly correlated with their development of certain constituent skills of 

the IPS process, there might be other individual characteristics that could 

affect the students’ resolution of IPS process. That is why, in order to attend to 

diversity in the classrooms, it becomes crucial that teachers take into account 

the individualities that students might present, because each student is special 

and unique and what can be valid for some may not be the most appropriate 

way of learning for others.  

 A further important issue that has been considered in this research is teaching 

and learning science in IWBL environments. The results obtained have 

demonstrated that teaching and learning science using an IWBL environment 

is successful for students’ learning of science contents that deal with illnesses 

and health. For this reason it would be of special interest to promote the use of 

IWBL environments in schools. However, to do so, it becomes crucial to 

properly instruct teachers on how to design IWBL environments to be used by 
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their students. Therefore, it could be interesting to offer IWBL courses to 

teachers to provide them with the possibility of being appropriately instructed 

on designing and using IWBL environments. These courses might allow 

teachers to feel more secure when using the digital environment in their 

classrooms and hence increase their usage. 

 Undoubtedly, in relation to what has previously been mentioned before about 

providing teachers proper instruction to succeed in the design of IWBL 

environments, making teachers more competent in solving informational 

problems will allow them to better develop IPS instruction. Therefore, 

providing current teachers with specific training on the field of study of the 

IPS is crucial to improve our students' resolution of IPS process. If we do not 

have expert teachers in IPS resolution, it will be harder to make students more 

proficient in IPS process resolution. 

 Lastly, it has been proven that technology use is highly present in the 

contemporary world and thus among teachers and students at schools. For this 

reason it would be of special interest to continue consideration of the 

implementation of new emerging technologies on teaching and learning IPS 

skills embedded in science curricular content through inquiry, and even 

promoting their usage among other teachers that are more reticent to its 

implementation.   

From our perspective, this section has reflected the more significant aspects that might 

contribute to effectively integrating IPS skills instruction in schools to provide secondary 

education students with the necessary tools to participate in the changing society in which 

they live. Additionally, it has also given an overview to the benefits of teaching science in 
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IWBL environments in order to convert science students into real investigators of the 

surrounding world. 
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12.1. Annex 1. E-mail sent to the headmasters of the high schools 

Translated from Catalan 

 

Dear members of the management team, 

 

After contacting the Institute through a telephone call, I have been instructed to contact you 

via email. 

My name is Marta Gómez Domingo with DNI XXXXXXXX-X, I'm a PhD student at the 

Universitat Oberta de Catalunya and resident in Manacor. 

Under the approval of my PhD thesis director, Dr. Antoni Badia Garganté, I contact you, to 

formally present the interest of collaborating with your center to develop this research. 

 

The characteristics of the collaboration would be the following: 

- Training for participating teachers on how to carry out the efficient development of 

the teaching-learning process in the resolution of informational problems. 

- Collection of data through the participation of second cycle students of Secondary 

Education in the development of 11 sessions with each group, focused on learning 

content related to the area of natural sciences and the acquisition of skills for the 

resolution of informational problems. 

- Coordination among the members of the natural sciences department and the 

researcher of the research for the elaboration of the material that will be used in the 

sessions with the students. 

- Being able to have, for the realization of said sessions, a computer for each student. 

 

Finally, I would appreciate that you give me the opportunity to speak better through a 

meeting with the professors of the area of natural sciences of 3rd year of ESO, in which to 

expose in detail the characteristics of the research, to open this way the possibility of 

establishing a collection of data in your centre, if you deem it appropriate. 

Thank you very much for the attention received, 

Marta Gómez Domingo. 
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12.2. Annex 2. Educational intervention protocol (for teachers) 

Translated from Catalan 

 

PROTOCOL OF THE EDUCATIONAL INTERVENTION 

 BEFORE THE INSTRUCTION SESSIONS: 

Before the start of the instruction sessions it will be necessary that ALL students have 

completed "The online test" and "The initial paper assessment test": 

1. The online test (http://goo.gl/forms/zSVLkT0plb). 

Students must access this link from the computers / laptops and complete the test of reading 

comprehension and digital skills individually. It is suggested to carry out the test during one 

hour of whole class group.  

2. The initial paper assessment test. 

To carry out this test, all students will have to be available individually in the classroom 

(exam format) so that the responsible teacher will then submit the initial assessment test 

(photocopies attached). Once the students finish the test, the teacher will make sure that all 

the tests have the student's last names and photocopies will be introduced in the envelope. It 

is suggested to carry out the test during one hour of whole class group. 

* If for any reason the day on which the test was carried out one of the students has not been 

able to attend, they will have to be carried out in another space of time. But it is essential that 

all students take the test before Friday, May 6, 2016. 

 DEVELOPMENT OF THE INSTRUCTION SESSIONS: 

Before the completion of the training, the researcher will have accessed half an hour before in 

the students’ classroom to turn on the computers, distribute the headphones to each one of 

them and open the WISE portal so that students can access it. 

When the time comes, the teacher responsible for the subject will take the students to the 

computer room and they will be placed by list book on the assigned computer, where they 

will find the username and password of Access to the WISE portal (which will have to be 

saved for the next sessions).  
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SESSION 0 - 60min:  

1. Students sit on the adjudicated computers (by order of the list) and the headphones are 

placed. 

2. The students open the Camtasia Studio 8.6 software and they begin to record the activity 

after the indications of the researcher. 

3. Students enter the WISE website (with the user and password delivered). 

4. Students are instructed to access the first activity called "Zika virus disease", to perform 

the task assigned to them. They are reminded that they must put on their headsets and 

continually verbalize what they are doing and why. 

5. After completing the task, they are asked to stop recording the screen and save the file to 

the USB by writing: name of the highschool_group_name and surnames_0, for example: 

paucasesnoves_A_martagómezdomingo_0 

 

SESSION 1 - 60min: 

 

1. The students sit on the adjudicated computers (by order of the list, the same as the last 

session) and the headphones are placed. 

2. The students open the Camtasia Studio 8.6 software and they start recording the activity. 

3. Students enter the WISE website (with the user and password delivered). 

4. Students access the second activity called "How to solve a problem?", To perform the task 

assigned to them. They are reminded that they must put on their headsets and continually 

verbalize what they are doing and why. 

7. Once the task is completed, they are asked to stop recording the screen and save the file to 

USB by writing: name of the highschool_group_name and surnames_1, for example: 

paucasesnoves_A_martagómezdomingo_1 

8. The last minutes of the class manifest the written questions and are put in common in the 

class group. 

 

SESSIONS 2, 3, 4 - 60min per session: 

 

1. Students sit on the adjudicated computers (by order of the list, the same as the last session) 

and the headphones are placed. 

2. The students open the Camtasia Studio 8.6 software and they start recording the activity. 
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3. Students enter the WISE website (with the user and password delivered). 

4. Students access the third activity called "Resolve several problems I" to perform the task 

assigned to them. The teacher reminds them that they must put on their headsets and 

continually verbalize what they are doing and why. 

5. Once the task is completed, they are required to stop recording the screen and save the file 

to USB by writing the name of the highschool_group_name and surnames_2,3,4, for 

example: paucasesnoves_A_martagómezdomingo_2,3,4 (respectively). 

 

SESSIONS 5, 6, 7 - 60min per session: 

1. The students sit on the adjudicated computers (by order of the list, the same as the last 

session) and the headphones are placed. 

2. The students open the Camtasia Studio 8.6 software and they start recording the activity. 

3. Students enter the WISE website (with the user and password delivered). 

4. Students access the different third activity "Solve several problems II", to carry out the task 

assigned to them each day. The teacher reminds them that they must put on their headsets and 

continually verbalize what they are doing and why. 

After finishing the task, they are asked to stop recording the screen and save the file to the 

USB by writing: name of the highschool_group_name and surnames_5,6,7, for example: 

paucasesnoves_A_martagómezdomingo_5.6,7 (respectively). 

 

SESSION 8 - 60min: 

1. The students sit on the adjudicated computers (by order of the list, the same as the last 

session) and the headphones are placed. 

2. The students open the Camtasia Studio 8.6 software and they start recording the activity. 

3. Students enter the WISE website (with the user and password delivered). 

4. The students access the third activity called "The Syphilis", to carry out the task assigned 

to them “Syphilis disease”. They are reminded that the headsets must be put in place and they 

will be continually verbalizing what they are doing and why. 

5. After completing the task, they are asked to stop recording the screen and save the file to 

USB by writing: name of the highschool_group_name and surnames_8, for example: 

paucasesnoves_A_martagómezdomingo_8 
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* During all the sessions the teacher and the researcher will verify that all the recording 

softwares are being recorded correctly. At the same time, students will be reminded of the 

importance of constantly verifying what they are doing. 

 

 AFTER THE INSTRUCTION SESSIONS: 

After completing the sessions, ALL students will be required to complete "The Final 

Evaluation Test in paper format." For the completion of this test, all students will have to be 

available individually in the classroom (format exam) so that the responsible teacher will then 

submit the final evaluation test (photocopies attached). Once the students complete the test, 

the teacher will make sure that all the tests have the student's names and lineages and the 

photocopies will be introduced in the envelope. It is suggested to carry out the test during one 

hour of whole class group. 

* If for any reason the day on which the test was carried out one of the students has not been 

able to attend, they will have to be carried out in another space of time. 

. 
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12.3. Annex 3. Computer technicians’ logistic survey 

Translated from Catalan 

LOGISTIC QUESTIONNAIRE FOR THE PREPARATION OF 
INTERVENTION 

Name of the participating high school: 
 
 

Name of the teachers responsible of the activity: 
 
 
 

Name of the computer technician of the high 
school: 

 
 
 

Will laptops or desktop computers be used? 
 
 
 

How many laptops or desktop computers are 
available?  

 
 
 

Are there enough computers for each student?  
 
 
 

Should computer material be reserved in 
advance? 

 
 
 

What days will the sessions be held? 
 
 
 

Are there headphones for each laptop or 
desktop computer? 

 
 
 

Are there microphones for every laptop or 
desktop computer? 

 
 
 

Has the Camtasia Studio 8.6 software installed 
on all the computers that will be used? 

 
 
 
 

Has the compatibility between computers and 
the Internet portal that will be used been 
checked? 
* Check compatibility using this link: 
https://wise.berkeley.edu/pages/check.html 

 
 
 

Which browser is usually used in the computers 
of the high school? 

 
 
 



CHAPTER 12. ANNEXES                                                                                        294 
 

 

12.4. Annex 4. Science knowledge test on illnesses and health 

Translated from Catalan 

TEST OF CONTENTS OF THE AREA OF SCIENCES 

ACTIVITY 1. Below you will find 10 questions with multiple choice answers. Choose 
the answer you think is correct in each case. 

1. Health is defined as: 

a) The state of the human being when there is no pain. 
b) State of complete physical, mental and social well-being. 
c) Absent state of infectious diseases. 
d) A state that does not present symptoms of physical illnesses. 

2. Depending on its cause the diseases can be classified in: 

a) Physical illnesses, mental illnesses and social illnesses. 
b) Chronic diseases, accidental illnesses. 
c) Exotic diseases, common diseases and frequent illnesses. 
d) Degenerative diseases, static illnesses and evolutionary illnesses. 

3. Infectious diseases are: 

a) Caused by a malfunction of the brain, which causes a decrease in mental capacity, or 
some alteration of the behavior. 

b) Caused by a pathogen that is reproduced within our body. 
c) Caused by the existence of a violent social environment or with serious economic or 

educational deficiencies, and, therefore, it is hostile to people. 
d) Caused by a chronic injury of the device. 

4. The pathogenic microorganisms that cause infectious diseases are: 

a) Viruses, fungi, insects, germs. 
b) Bacteria, Insects, Protozoa. 
c) Protozoa, Virus, Bacteria, Mushrooms. 
d) Viruses. 

5. Pathogenic microorganisms are transmitted through: 

a) Concrete route, abstract route. 
b) Inland way, outer route. 
c) Fast way, slow route. 
d) Direct route, indirect route. 

6. For the prevention of an infectious disease, you must: 

a) Perform daily physical exercise, food hygiene but the proper vaccination is not 
necessary. 

b) Personal and environmental hygiene, food hygiene, sexual health, adequate 
vaccination, preventative measures in travel and pet care. 
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c) Personal hygiene, food hygiene, sexual health, but no preventive measures are 
required in travel. 

d) Perform a physical exercise, do not eat gritty products and drink blood. 

7. Non-infectious diseases: 

a) They are not transmitted, since they are not provoked by pathogenic microorganisms. 
b) They are not easily contracted since only some pathogenic microorganisms are 

responsible. 
c) They are not the most common ones because they are only transmitted through 

animals. 
d) They are not transmitted quickly because they are caused by weak pathogenic 

microorganisms. 

8. The indirect transmission of an infectious disease occurs: 

a) through contaminated elements such as: water, air, food, etc. 
b) through contact with the sick person. 
c) only through contact with infected animals. 
d) through non-polluting elements such as: water, air, food, etc. 

9. The immune response can be of two types: 

a) Specific or diverse. 
b) Specific or acquired. 
c) Innate or nonspecific. 
d) Specific or non-specific. 

10. Vaccines: 

a) Cure infectious diseases. 
b) They are only put on children and the elderly. 
c) They trigger a nonspecific immune response. 
d) They are prepared for virus and dead or attenuated bacteria. 

 
ACTIVITY 2. Given the following 25 words, develop a conceptual map where they 
appear related: 
 

 

 

 

 

 

 

 

 

 

HEALTH – WELFARE STATE - HEALTHY HABITS - REST - HYGIENE - DIET - PHYSICAL 
EXERCISE - DISEASES - MENTAL DISEASES - SOCIAL DISEASES - PHYSICAL DISEASES - 

INFECTIOUS - NON-INFECTIOUS - PATHOGENS MICROORGANISMS - DIRECT VIA - 
INDIRECT VIA - BACTERIA - FUNGUS - PROTOZOUS - VIRUS - PREVENTION MEASURES - 

VACCINES - IMMUNITARY RESPONSE - INSPECIFIC - SPECIFIC. 
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ACTIVITY 3. Write a Decalogue of prevention measures to avoid infectious disease: 
 
 
1. ___________________________________________________________________ 

2. ___________________________________________________________________ 

3. ___________________________________________________________________ 

4. ___________________________________________________________________ 

5. ___________________________________________________________________ 

6. ___________________________________________________________________ 

7. ___________________________________________________________________ 

8. ___________________________________________________________________ 

9. ___________________________________________________________________ 

10. __________________________________________________________________ 
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12.5. Annex 5. Extern model of the conceptual map 

 

 

 

 

 

 

 

 

 

 

 

 

HEALTH 

WELFARE STATE DISEASES 

is a 

MENTAL DISEASES HEALTHY HABITS 

REST HYGIENE DIET PHYSICAL 
EXERCISE 

INFECTIOUS 

PATHOGENS MICROORGANISMS 

BACTERIA FUNGUS PROTOZOUS VIRUS 

DIRECT VIA INDIRECT VIA IMMUNITARY RESPONSE 

INESPECIFIC SPECIFIC 

VACCINES PREVENTIVE MEASURES 

NON-INFECTIOUS 

SOCIAL DISEASES PHYSICAL DISEASES 

caused transmited fought prevented 

alterable for 

achieved through 
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 12.6. Annex 6. Table of answers examples 

 

 

 
CORRECT CONCEPTS INCORRECT CONCEPTS 

H
A

V
E

 H
Y

G
IE

N
E

 Take care of personal hygiene: 
- Have a shower once a day to remove sweat and dead 

skin cells. 
- Change underwear clothes and socks every day, that is, 

use clean clothes.  
- Disinfect/cure any wound or burn by applying a 

disinfectant (iodine, alcohol, soap, oxygenated water).  
- Take the appropriate vaccines. 
- Wash your teeth after each meal. 
- Live in an hygienic place, that is to say clean. 

- Do physical exercise. 
- Do not smoke. 
- Do not take drugs. 
- Visit the doctor if you are not 

well. 

Take care of food hygiene: 
- Wash your hands before cooking or eating. 
- Wash raw food such as fruits and vegetables before 

being ingested. 
- Check the good condition of the food to be ingested. 
- Use clean kitchen utensils. 
- Drink potable water. 
- Avoid raw meat or fish consumption. 

- Drink a lot of water. 
- Maintain a balanced diet. 
- Eat lots of fruits and 

vegetables. 
- Do not drink alcohol. 
- Drink healthy liquids (orange 

juice). 
- Eat quality foods. 
- Take vitamin supplements. 

A
V

O
ID

 T
H

E
 C

O
N

T
A

C
T

 Take preventive measures when contacting other people 
(mask, gloves, etc.): 
- Use protection in sexual relationships (condom). 
- Do not share utensils of personal use such as 

toothbrushes, shavings, cutlery, glasses, syringes, 
tissues, etc. 

- Avoid contact with infected people. 

- Use contraceptive methods 
which are not condoms. 

- Sexual health. 
- Do not breathe the same air. 

Avoid contact with pathogenic microorganisms: 
- Use flip flops in swimming pools and changing rooms. 
- Avoid contact with dirty or unknown objects. 
- Avoid contact with unknown animals. 
- Take care of pets properly. 

 

T
R

A
V

E
L

 W
IT

H
 C

A
U

T
IO

N
 Take preventive measures while traveling to tropical areas: 

- Use insect repellents. 
- Use long trousers, long-sleeved shirts, socks and 

closed shoes to cover the maximum body surface area. 
- Use mosquito nets in beds, cots and strollers. 
- Choose an accommodation with air conditioning 

because insects avoid cool climates. 
- Install mesh nets in the windows to prevent the entry 

of insects. 
- Avoid visiting areas with poor sanitation where the 

risk of being crushed by an insect is higher. 
- Apply recommended vaccines when traveling to 

tropical areas. 
- Avoid traveling to areas with a risk of infection. 

- Environmental health. 
- Avoid sites with pollution. 
- Environmental hygiene. 
- Handle toxic waste. 
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12.7. Annex 7. Answers’ correctness sheet 

Translated from Catalan 

INITIAL PERFORMANCE ANSWERS 

Table 45 
 Initial performance answers of Task 1 (Handling isolated information) 
Questions Correct answers 
Question 1: Which of the following symptoms is proper to a 
person suffering from the Zika virus disease? 

b)    Fever. 

Question 2: What kind of illness is Zika virus disease? a) Physical illness (infectious). 
Question 3: What medical tests can detect that a person 
suffers from the Zika virus disease? 

a) Analysis of blood or other body fluids. 

Question 4: How is Zika virus disease transmitted? a) Indirectly, through the bite of mosquitoes 
that act as vectors. 

Question 5: What is the treatment to be taken by a patient 
infected with the Zika virus? 

b) There is no specific treatment for the 
infection caused by the Zika virus. 

TOTAL SCORE TASK 1 5 
 

Table 46 
Initial performance answers of Task 2 (Connecting concepts) 
Word Correct answers 
Word 1 physical 
Word 2 infectious 
Word 3 virus 
Word 4 Zika 
Word 5 indirect 
Word 6 mosquito 
Word 7 Preventive measures 
Word 8 use repellents / put mosquito nets / wear clothes that cover the body / sleep in 

places with air conditioning 
Word 9 use repellents / put mosquito nets / wear clothes that cover the body / sleep in 

places with air conditioning 
Word 10 use repellents / put mosquito nets / wear clothes that cover the body / sleep in 

places with air conditioning 
Word 11 fever / rash / joint or muscular pain / conjunctivitis / headache / tiredness 
Word 12 fever / rash / joint or muscular pain / conjunctivitis / headache / tiredness 
Word 13 fever / rash / joint or muscular pain / conjunctivitis / headache / tiredness 
Word 14 treatment 
Word 15 laboratory tests 
TOTAL SCORE TASK 2 15 
 

Table 47 
Initial performance answers of Task 3 (Thinking about concepts) 
Categories Score 
Students do not give an answer. 0 
Students to give an answer copy and paste information. 1 
Students to give an answer paraphrase or write with their own words an answer. 2 
TOTAL SCORE TASK 3 10 
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Translated from Catalan 

FINAL PERFORMANCE ANSWERS 

Table 48  
Final performance answers of Task 1 (Handling isolated information) 
Questions Correct answers 
Question 1: If Syphilis is not treated, what are the 3 
stages of the disease? 

c) Primary syphilis, secondary syphilis, tertiary 
syphilis. 

Question 2: What kind of illness is Syphilis? a) Physical illness (infectious). 
Question 3: What medical tests can detect that a 
person suffers from syphilis? 

b) Blood tests. 
 

Question 4: Which pathogen causes Syphilis? a) Bacteria. 
Question 5: What is the treatment to be taken by a 
patient infected with Syphilis? 

a) Antibiotic. 

TOTAL SCORE TASK 1 5 
 

Table 49  
Final performance answers of Task 2 (Connecting concepts) 
Word Correct answers 
Word 1 physical 
Word 2 infectious 
Word 3 bacteria 
Word 4 Treponema pallidum 
Word 5 direct 
Word 6 Sexual relations 
Word 7 Preventive measures 
Word 8 use condoms / avoid contact with skin lesions / use oral barrier / do not share 

needles or syringes / follow prophylaxis protocols 
Word 9 use condoms / avoid contact with skin lesions / use oral barrier / do not share 

needles or syringes / follow prophylaxis protocols 
Word 10 use condoms / avoid contact with skin lesions / use oral barrier / do not share 

needles or syringes / follow prophylaxis protocols 
Word 11 primary 
Word 12 secondary 
Word 13 tertiary 
Word 14 antibiotics 
Word 15 Blood tests 
TOTAL SCORE TASK 2 15 
 

Table 50  
Final performance answers of Task 3 (Thinking about concepts) 
Categories Score 
Students do not give an answer. 0 
Students to give an answer copy and paste information. 1 
Students to give an answer paraphrase or write with their own words an answer. 2 
TOTAL SCORE TASK 3 10 
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12.8. Annex 8. Answers’ correctness sheet 
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12.9. Annex 9. Descriptive statistics 

Table 51 
Descriptive statistics of students' reading skills (N = 82) 
 M SD 
Information retrieval. 3.10 1.59 
Information integration. 5.45 2.09 
Text reflection of content and form. 2.99 1.24 
Global reading skill 11.54 4.12 

 
Table 52 
Descriptive statistics of students' Information and Communication Technology skills (N = 
82). 
 M SD 
I am able to identify appropriately the needed information from question.  3.67 0.93 
I am able to collect/retrieve information in digital environments. 3.83 0.95 
I am able to use ICT to process appropriately the obtained information.  3.68 1.07 
I am able to interpret and represent information, such as using ICT to synthesize. 3.57 1.05 
I am able to use ICT to design or create new information from information already 
acquired. 

3.57 0.98 

I am able to use ICT to convey correct information to appropriate targets.  3.78 0.96 
I am able to judge the degree to which information is practical or satisfies the needs 
of the task. 

3.74 0.76 

Information Literacy 3.71 0.82 
I am able to set a homepage for an internet browser. 4.33 1.19 
I am able to search for information on the internet using a search engine (e.g. 
Yahoo, Google, Baidu).  

4.48 0.95 

I am able to use email to communicate 4.38 1.02 
I am able to use instant messaging software (e.g. MSN, QQ) to chat with friends.  4.54 0.98 
I am able to download files from the internet. 4.40 0.98 
Internet literacy  4.45 0.91 
I am able to set header/footer in word processor software (e.g. Microsoft Word). 3.93 1.08 
I am able to plot a graph and chart using spreadsheet software (e.g. Microsoft 
Excel). 

3.79 1.11 

I am able to insert an animation in presentation software (e.g. Microsoft 
PowerPoint). 

4.09 1.03 

I am able to edit a photo using image-processing software (e.g. Photo Editor, Photo 
Impact, and Photo Shop). 

4.11 1.01 

I am able to set up a printer (e.g. installing printer drivers). 3.77 1.20 
Computer literacy 3.99 0.90 
Global ICT skill 3.97 0.68 

 
Table 53 
Descriptive statistics of students' previous science knowledge (N = 82) 
 M SD 
Handling isolated information without transforming the content in any way. 5.52 1.59 
Connecting concepts and ideas from more than one information source. 2.71 1.86 
Thinking about concepts and developing complex conceptual frameworks. 3.78 2.17 
Total initial science knowledge  12.06 4.03 
   

 

 

 







 

 

 

             The information and knowledge society of this 

excess of information successfully, but this does not mean that they have the necessary skills to 

deal with Information Problem Solving (IPS). This study expands further on academic 

knowledge available about students’

relation among certain students’ individual characteristics and students’ performance of 

scanning and processing information skills through an instruction developed in a scientific 

Inquiry Web Based Learning environment. The data collected from a total of 82 secondary 

students suggest that the instruction used to improve students’ IPS skills embedded in science 

curricular content was successful since all the students improved the learning performance of 

both, science knowledge on illnesses and health, and IPS skills performance. Findings also 

show that there are not numerous significant correlations between students’ individual skills 

and their achievement when performing scanning and processing information

highlight several significant correlations between both constituent skills. The work could help 

teachers to plan, implement, and evaluate IPS instruction in schools.

Universitat  
Oberta 
de Catalunya 

The information and knowledge society of this century expects students to manage the 

excess of information successfully, but this does not mean that they have the necessary skills to 

deal with Information Problem Solving (IPS). This study expands further on academic 

knowledge available about students’ IPS process development, by exploring in depth the 

relation among certain students’ individual characteristics and students’ performance of 

scanning and processing information skills through an instruction developed in a scientific 

ing environment. The data collected from a total of 82 secondary 

students suggest that the instruction used to improve students’ IPS skills embedded in science 

curricular content was successful since all the students improved the learning performance of 

th, science knowledge on illnesses and health, and IPS skills performance. Findings also 

show that there are not numerous significant correlations between students’ individual skills 

and their achievement when performing scanning and processing information

highlight several significant correlations between both constituent skills. The work could help 

teachers to plan, implement, and evaluate IPS instruction in schools. 

century expects students to manage the 

excess of information successfully, but this does not mean that they have the necessary skills to 

deal with Information Problem Solving (IPS). This study expands further on academic 

IPS process development, by exploring in depth the 

relation among certain students’ individual characteristics and students’ performance of 

scanning and processing information skills through an instruction developed in a scientific 

ing environment. The data collected from a total of 82 secondary 

students suggest that the instruction used to improve students’ IPS skills embedded in science 

curricular content was successful since all the students improved the learning performance of 

th, science knowledge on illnesses and health, and IPS skills performance. Findings also 

show that there are not numerous significant correlations between students’ individual skills 

and their achievement when performing scanning and processing information skills, but 

highlight several significant correlations between both constituent skills. The work could help 
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