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Abstract: The purpose of this paper is to present the theoretical framework and research design for developing a new generation e-textbook for science. Textbooks play an essential role in learning science. However, e-textbooks are still an unexplored resource in supporting learning of complex science phenomena. In this interdisciplinary project two different e-text designs on photosynthesis for iPad are tested (index vs. concept map) with 90 student teachers in the university. We apply pre-test-post-test design, record log-files during navigating the text and measure the usability experienced by students. New technological solutions and pedagogical consequences are discussed.  






Introduction

	
	

	The purpose of this interdisciplinary research project is to develop a novel design and architecture for dynamic digital textbook, e-textbook, for science and subject them to rigorous tests. By e-text we mean texts that are digital and accessed via electronic screens. There are two formats in which e-textbooks exist. There are page fidelity e-textbooks that are simply scanned pictures of the print version of the book e.g. pdf-file with no dynamic media, no active web links etc. Then there are reflowable e-textbooks using a flexible format system that includes dynamic media and links. (Rockinson-Szapkiw, Courduff, Carter & Bennett 2013.)
	Textbooks organized by topic, to be read and understood by students in a linear fashion, are still used as a main method in science teaching both in schools and in universities (Broughton, Sinatra & Reynolds 2010; Rockinson-Szapkiw, Courduff, Carter & Bennett 2013) but they often lack explanatory coherence, are poorly organized, and rarely contain questions that require students to provide explanations longer than 1-2 sentences (Vilppu et al. 2011, Mikkilä-Erdmann 2001). Another problem with textbooks is that they usually ignore students’ prior, and perhaps erroneous, conceptions of the phenomenon at hand (Mikkilä-Erdmann et al., 2008; Hynd 2001).  Science content thus presented remains static, and the ways in which students use these materials stand in stark contrast with rich interaction, navigation and visualization environments they are immersed in on the web and on mobile devices. Students nowadays are quite adept at non-linear navigation and dynamic interactions except in the formal learning environment of a classroom. The educational research to support the efficacy of e-textbooks consumed via mobile devices lags behind development and adaptation (Rockinson-Szapkiw et. al. 2013).
	Visualizations that represent the meaningful relationships underlying content can facilitate learning and comprehension (Tufte 1990).  Recent research has found that providing a graphical interface that makes the relationships among documents explicit may facilitate intertextual inferences for learners to integrate information from multiple sources (Salmerón, Gil, Bråten, & Strømsø, 2010). According to Novak and Gowin (1984), concept maps represent meaningful relationships among concepts and serve as a way to structure or organize knowledge in an integrated manner (Novak & Cañas, 2006). Novak and Gowin held that these representations are visual maps of pathways that connect meanings and concepts and can offer “a schematic summary” of ideas. Nesbit and Adesope (2006) have argued that because concept maps eliminate redundant information and co-locate similar concepts, their use in the classroom can facilitate students’ understanding of text. In learning research, concept maps have been used to facilitate students’ learning and engagement. Of particular interest is their application in scaffolding students’ learning from text. Knowledge models such as concept maps can be used to organize large repositories of information and provide an effective navigational tool (Cañas, Hill, Carff, Suri, Lott, Eskridge, 2004). In addition, concept maps can also serve as useful metacognitive aids and scaffolds for integrating and fostering students’ learning (Trowbridge & Wandersee, 1998; Novak & Cañas, 2008; Biswas, Schwartz, Leelawong, Vye, & TAG-V, 2005). Previous studies have shown that students gained a deeper understanding of the connections between the science concepts and principles when they used the concept maps in the digital system called CoMPass (Puntambekar, 2006; Puntambekar, Stylianou & Goldstein, 2007). There seems to be great potential to apply concept maps on e-textbook design.
	Past research on e-textbooks has, however, focused primarily on reading speed and comprehension of individuals accessing text content through a stand-alone computer. Furthermore, there seems to be few studies which investigate e-textbooks as a learning tool and make use of mobile devices (Murray & Pérez 2011; de Oliveira, Camacho & Gisbert 2014). In addition, multimodal learning technologies are just beginning to be applied in schools even if earlier research in the school context has shown a great promise (Tanhua-Piiroinen et al., 2010; Raisamo et al., 2012).On the other hand, recently developed mobile devices are more advanced and, thus may be more suitable for academic use and may perhaps offer a huge potential for changing also the reading experience and even the learning process of students.  (Rockinson et al. 2013.)
	Science education aims at educating citizens who are capable of linking theoretical science knowledge to practical problem solving skills. This requires a deep understanding of the central ideas and concepts of science. Understanding complex scientific phenomena often requires conceptual change, a process whereby learners reorganize their cognitive structures according to scientific notions and abandon their misconceptions derived from everyday life (Duit & Treagust, 2003; Vosniadou, 1994; Vosniadou, Ioannides, Dimitrakopoulou & Papadimetriou, 2001). Learning can be very challenging when new information does not fit into the existing knowledge, i.e., when the student has misconceptions about a certain concept (Broughton, Sinatra, & Reynolds, 2010; Sinatra & Mason, 2008). Hence learning about topics from the natural world requires that the learner goes beyond knowledge acquisition and overcomes significant conceptual and affective obstacles (Sinatra & Mason, 2008). This kind of conceptual change cannot be achieved without systematic instruction. Conceptual change learning requires lots of support from learning environment in which learning materials like e-books may play a crucial role.
	Concluding from these studies it appears that concept maps are effective tools for learning science contents and they benefit learners across wide range of educational levels and subjects. While some evidence of their efficacy on learning for students with lower verbal ability exists, more information is needed from different students and domains also in higher education. To our knowledge, no previous research exists on the use and efficacy of concept maps in e-texts in Finnish higher education. This project aims to fill these gaps in the research of education, science instruction and learning technologies. 
			Furthermore, recent decades advances have been made in data availability, empirical research design, and statistical methods for making causal inferences (Murnane and Willett, 2011). Yet, high quality experimental research on the effects of learning technology is still relatively scarce. Therefore, much of the previous educational research is of no use for decision makers as it fails to account for causal impact of policies to educational outcomes. This project aims to fill this gap and increase our understanding on the efficacy of digital textbooks, a one of the promising new technologies available to schools and universities. Our preliminary results are presented in the conference.
	
The research questions of this study are: Do students understand connections among science concepts and principles better when using digital text with index or concept map as navigational tool? What difficulties do students have in using e-text? Are students able to effectively use the navigational features of e-text? What difficulties do they face in navigating through and interacting with e-text content?



The Study

	
	
	Ninety native Finnish-speaking second-year student teachers from a Finnish university participate in the study. The content chosen for the treatment is photosynthesis which is one of the most important and also most challenging content in biology. Approximately three out of every four students have completed a basic course on biology for the elementary school level. The students are randomly assigned to different text groups, where half of the students (N = 45) are given an e-text on photosynthesis consisting of an index as navigational tool, and the other half (N = 45) of the students are studying an e-text consisting of a concept map as a navigational tool.	The e-textbook software is designed for mobile device, iPad. The study is based on a pre- and post-test design and is conducted during two compulsory sessions (120 min). However, participation in the study is voluntary. Pre- and post-tests (Ahopelto et al 2011; Mikkilä-Erdmann 2008) and the text intervention are administered during the first session, and a delayed post-test and feedback about the design and the students’ performance in the first session are given two weeks later in the second session. In the pre-test, post-test, and delayed post-test, the students are asked to answer eight open-ended questions concerning photosynthesis. There are factual questions, such as ‘What functions do stomata have in a plant?’, and generative questions, for example, ‘What kind of role does a plant play in the food chain?’
	In the pre-test, students answer written background information questions and open-ended questions. After answering pre-test questions, half of the students (N = 45) read science e-text (index) on photosynthesis, whereas the other half (N = 45) reads an e-text (concept map) about the same phenomenon. The texts focused on the nourishment supply of plants, self-sufficiency of photosynthesising organisms, the flow of energy in the food chain, and the significance of photosynthesis to life on Earth. The texts are in Finnish, and they are identical apart from the index vs. concept map presenting the content of the text.
	The e-texts are designed so that the paragraphs point out typical misconceptions concerning photosynthesis, and discussed concept pairs such as energy versus matter, nutrients versus nourishment, and plants versus animals. These concepts are chosen based on the previous literature, which has shown that they are often misunderstood by children and adults (see, e.g., Kinchin 2000b; Mikkilä-Erdmann 2001; Mintzes and Wandersee 2005; Roth 1990; Vosniadou et al. 2008).
	After reading the science e-text, the two groups of students answer the same open-ended questions again without the text. The students have 90 minutes to complete the pre- and post-tests as well as read the short text from iPad. They can move at their own pace and take notes. Log files of students’ use of the digital text will be recorded. We will record the time and sequences of student navigation among various components of the digital text. At the end of the experiment a usability questionnaire consisting of Likert scale statements and some open questions is given for the students which will help us to understand how students use digital text in the context of learning in a university classroom and any difficulties they might have had. 
	To examine students’ learning outcomes, we will score the pre- and posttests and concept-mapping tests. Besides some open-ended problem solving questions some multiple-choice questions are also used which are scored quantitatively. Responses to the open-ended questions will be scored as incorrect, partial, or complete. In concept maps, we will examine three aspects: (a) the number of concepts, (b) the number of accurate connections among the concepts, and (c) the explanation provided for the connections. We will score the explanations based on a rubric modified from previous work (Puntambekar, Stylianou, & Goldstein, 2007). We will then compute two ratios: the depth ratio (ratio of number of concepts and number of connections) and the richness ratio (ratio of the score for connections and number of connections). Thus, we will have three dependent variables: post test score, richness ratio, and depth ratio. 
	We will use descriptive statistics and graphical analyses to support our initial quantitative data reduction efforts. Inferentially, we will use two analytic approaches to investigate our research questions. First, we will conduct multivariate factorial analysis of covariance (MANCOVA) for the three outcomes (post-test score, richness ratio, and depth ratio); the pre-test of knowledge will serve as a covariate. Transformations to achieve normality of the proportion measures (depth and richness ratios) will be conducted as necessary to ensure validity of the statistical tests. 
	We will use learning analytics such as Google Analytics to study students’ navigational paths. Google Analytics’ latest custom variables feature allows us to designate page views and events to both collect and visualize navigation and content information. These measures will allow us to understand whether and when students visited related concepts and the time they spent on concepts. These measures will allow us to understand whether students visited many related concepts. We will examine the correlation between the navigation measures and learning outcome measures. 
	Student responses to Likert-style questions will be scored and quantitatively analyzed. Their open ended responses will be coded to understand what features they like, what they do not, interface features and content that they had difficulty with, and any other suggestions that they provide. This will give us a chance to make revisions of the prototype software and text design for our e-text. 
	A delayed post-test with a feedback session is administered two weeks after the experiment. The students are asked to answer the same open-ended questions concerning photosynthesis, once again at their own pace. After everyone had finished the task, participants are given feedback about the design and their performance generally in the intervention. Typical misconceptions are brought up and corrected in order to make sure that participants are not left uncertain about the scientific model of photosynthesis. First results of this study are presented in the conference.

	


Conclusions



Electronic textbooks have been on the market for more than decade. However, the adaptation of an e-text in higher education has been slow. (Murray & Pérez  2011.) The factors driving e-textbook design have been more aligned with business models than cognitive or learning sciences. Hence, more research is needed to understand how students interact with e-text and to reveal how effective are e-textbooks as tools of learning compared to print-textbooks. (Murray & Pérez  2011.) Previous research has reported that learning outcomes do not often differ based on the textbook format (Rockinson-Szapkiw, Courduff, Carter & Bennett 2013). These to some extent contradictory results may partly depend on the static design of the e-text which follows the print-text design and not explore the new potentials of a flexible and interactive designs. 
	In order to maintain the competitive edge on science and education, the developed economies should find ways to foster students’ interest to science and to encourage them to choose scientific careers. (World bank 2011.) However, young and also adult learners need lots of support and scaffolding in learning complex science phenomena. We believe that new technologies and novel pedagogical approaches are suitable for these tasks. Even though they have made their way to the classroom, new technologies and novel pedagogical approaches still remain underutilized in education for example in Finland. We assume that the value and relevance of e-textbooks for teachers and learners will increase when e-textbooks are designed to incorporate digital and interactive features in ways that they effectively enhance the learning and perhaps also teaching process. (Murray & Pérez 2011.) The institutional culture may play an important role. 
	Because of that our participants are future elementary school teachers. Primary school teachers can be seen as important agents in teaching science and in using technology in a sound and pedagogically meaningful way. Our long-term goal is to develop an e-textbook solution adapted to mobile devices which is easy to use both among children and adults. E-textbook for future should monitor the learner to reach high-level conceptual understanding
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