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Research has evidenced that digital educational games can be effective tools to impart knowledge. Researchers have recommended to focus on motivation and gaming load and their interaction when investigating learning process and success. Gaming expertise and the English proficiency of learners seem to be further important aspects of learning success, especially when non-native speakers play an English game. However, knowledge about the motivational and cognitive impact of games and learner characteristics on learning outcomes needs to be augmented and clarified. The present study aimed to address this need. We conducted an experimental media comparison to investigate the effects of game play and expertise in gaming and English on motivation, cognitive load, and performance. The participating German university students were randomly assigned to an educational gaming group and a hypertext group. Aspects of motivation were assessed before and after studying and gaming, cognitive load was rated during and after learning, and level of performance was measured before and after studying. The gaming group reported a higher level of interest, challenge, and anxiety of failing after introducing the task. Groups did not differ significantly in their perceived probability of success. The group levels of interest were the same after a 1 h learning phase. When learning, cognitive load increased after the initial phase in the gaming group and then stayed on a constant level, whereas the opposite pattern was found in the hypertext group. No differences were found in load ratings after learning between the two groups. Both groups improved their knowledge after learning, but the gain was larger for the hypertext group. Results point to gaming and English expertise as two mediating factors for learning success with educational games. We suggest that gaming expertise and English comprehension ability reduce cognitive load and thus enable learners to focus their resources on meaningful learning.
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INTRODUCTION

Game-based digital learning has gained much interest in educational settings in the last 20 years (Connolly et al., 2012; Li and Tsai, 2013; All et al., 2014; Westera, 2015; Boyle et al., 2016; McLaren et al., 2017). Although game-based learning is a young field of systematic research (Westera, 2015), a few reviews exist (e.g., Egenfeldt-Nielsen, 2006; Divjak and Tomic, 2011; Connolly et al., 2012; Young et al., 2012; Li and Tsai, 2013; All et al., 2014; Tobias et al., 2014; Boyle et al., 2016; Hainey et al., 2016; Merino Campos and del Castillo Fernández, 2016) but meta-analyses are rare (e.g., Vogel et al., 2006; Sitzmann, 2011; Wouters et al., 2013; Clark et al., 2016). In general, the studies have revealed that game-based learning is linked to a broad range of perceptual, cognitive, behavioral, affective, and motivational effects and outcomes, but they also present a broad range of theories, research questions, designs, methods, and type of games used in the reviewed studies (e.g., Connolly et al., 2012; Li and Tsai, 2013; Tobias et al., 2014; Boyle et al., 2016; Clark et al., 2016; Merino Campos and del Castillo Fernández, 2016; Parong et al., 2017). In addition to this general knowledge about game-based learning, the existing research has also advanced detailed knowledge about designing effective educational games (e.g., Mayer and Johnson, 2010; Tobias et al., 2014). However, Connolly et al. (2012) pointed to the lack of empirical evidence on game-based learning, especially the lack of studies employing experimental designs with suitable control conditions. More recently, McLaren et al. (2017), in one of the latest experimental studies in this field, emphasized the need for sound experimental research on game-based learning. Westera (2015) critically discussed the key arguments for digital game-based learning (including the “games foster motivation” argument) as a response to many articles that have emphasized the positive effects of game-based learning despite the lack of empirical evidence.

Motivation and gaming load are two aspects often emphasized in the literature. Educational games are suggested to increase motivation (and thereby improve learning processes), but they are also suspected to require additional effort from the users to be successful gamers and hence successful learners (Keller, 2008; Schrader and Bastiaens, 2012; Woo, 2014; Nebel et al., 2015; Westera, 2015). Researchers have stressed that this “fine balance between increased mental effort and potential motivational benefits has to be addressed” (Nebel et al., 2015, p. 384); otherwise, students might fail in game-based learning. The systematic varying of important factors of educational games to investigate cause-and-effect paths in experimental studies (and thus improving the method, i.e., value-added research sensu Clark et al., 2016) is good scientific practice. However, keeping the balance between educational games and instructional material without game elements when a comparison is warranted is also very challenging (i.e., media comparison research sensu Connolly et al., 2012; Li and Tsai, 2013; Clark et al., 2016). This latter approach is more than pragmatic because it can inform educators about optimum methods that could be used to obtain learning objectives depending on learner characteristics. Taking a media-comparison perspective, the following study investigates the effects of an educational game on motivation, cognitive load, and performance in comparison to an educational hypertext in a repeated-measures experimental design. This method allows to compare educational systems and the effectiveness of each educational systems separately. Additionally, we investigated whether the learners could also benefit from instruction when the educational language is not their mother tongue or when they have only little or no gaming expertise. The need to study in English is common in international learning settings, which might add extra cognitive load to the challenge (i.e., difficulty) of the learning task in general when English is not the primary language of the learners. Our investigation was conducted against the background of the Cognitive Load Theory (CLT; de Jong, 2010; Sweller, 2010; Martin, 2014).

Educational Games and Game-Based Learning

Games are widely considered a subgroup of play. For Gray (2009, p. 480) play is “activity that is (1) self-chosen and self-directed; (2) intrinsically motivated; (3) structured by mental rules; (4) imaginative; and (5) produced in an active, alert, but non-stressed frame of mind.” Play mainly turns into a game by having a clearly defined goal and rules and a feedback mechanism focused on approaching the goal (McGonigal, 2011). Naturally, McGonigal (2011) also considers that gamers voluntarily participate in a game. Gray (2009) makes no distinction between game and play. He addresses the concept of formal game as players facing an already established fictional situation that provides the foundation for the explicit rules.

Game-based learning means using games in educational contexts to reach educational objectives (Connolly et al., 2012). These games could be entertaining games or educational games. While entertaining games are mainly designed for fun, entertainment, and recreation, educational games are a subgroup of games that are designed for educational purposes (Connolly et al., 2012). The main goal of game-based learning is learning and behavioral change (Connolly et al., 2012). Game-based learning is often used in the same context as serious games (Boyle et al., 2016), but serious games are often comprehended in a broader sense. Djaouti et al. (2011, p. 120), for example, defined serious games as “any piece of software that merges a non-entertaining purpose (serious) with a video game structure (game).” This definition includes also purposes that have both non-entertaining and non-educational purposes. More often, the broader purposes of serious games are scratched by naming (1) markets like government and non-governmental organization, defense, healthcare, marketing and communication, corporate, industry and education, and (2) purposes like games for health, advergames, games for training, games for education, games for science and research, production, and games as work (Sawyer and Smith, 2008).

One way to approach educational games is to describe them along important gaming dimensions or to classify them. Li and Tsai (2013) empirically found two characteristics that distinguish games: (1) the player modus and (2) the media type. The player modus provides the categories of single-player and the multiplayer modes, which can be further split into closed mode (playing is restricted to a defined group of players like in a classroom) or massive mode (playing is open to numerous players who are likely unknown to any single player). The media type refers to usage of immobile devices (like computers or laptops), of classic mobile devices (like mobile phones and tablets), and innovative mobile devices (like headsets and virtual reality glasses). Li and Tsai (2013) also accounted for the learning approach and differentiated between a game-playing and a game-making approach.

Connolly et al. (2012) developed a multidimensional framework for categorizing games along the following aspects: (1) Digital or non-digital game, (2) purpose of the game, (3) genre, (4) subject discipline, and (5) platform/delivery. This framework is a broader approach to classifying games and could be applied to any game. A game is classified as digital or non-digital depending on coding. Purposes of games were differentiated as games designed for entertainment, games for learning, and serious games. The game genre was classified according to the taxonomy of eight entertainment games provided by Herz (1997): Action games, adventure games, fighting games, puzzle games, role-playing games, simulations, sports games, and strategy games. The subject disciplines refer to the knowledge domain or curricular area of focus, which are health, society, mathematics, language, engineering, general knowledge, geography, and science. Finally, the mode of providing a game is categorized as video console, PC, online game, second life, mobile game, or alternate reality game.

Norman (2011) identified six general skill components necessary for playing games. The extracted general skill components are (1) perceptual-motor, (2) cognitive-verbal, (3) problem solving, (4) information utilization, (5) persistence, and (6) human-human interaction. Perceptual-motor abilities involve numerous components pertaining to perceptual speed, pattern recognition, object identification, simple and choice reaction time, tracking, targeting, timing, rhythm, and response mapping. Cognitive-verbal abilities involves processing or interpreting written and spoken information as well as detecting hidden objects and operating in secrecy and deception. Problem solving abilities comprise solving puzzles or problematic situations but also assessing and using probabilities in a game. Information utilization abilities includes the use of information from memory about events, names, and places in a game and also filtering out irrelevant information and adapting to changing requirements and opponents. Persistence refers primarily to having the patience to continue through difficult or boring parts of the game. Human -to-human interaction is about competing (playing as an opponent) or communicating (playing in a team) with other players. Naturally, games have their own set of required skills. Hence, some skills might be relevant for one game but not for another. Different games require different skills (Norman, 2011).

Fabricatore (2000) suggested a basic interactive cycle of four important phases of digital game playing, which provide opportunities for learning. A player starts a cycle with gathering information regarding the gaming world (Phase 1), then analyzes the gathered information (Phase 2), subsequently makes decisions based on the conducted analysis (Phase 3), and finally changes the status of the gaming world (Phase 4). Changing the gaming world leads to the start of a new interactive cycle. Therefore, Fabricatore emphasized the importance of managing ambiance and functional information. “Ambiance information encompasses merely perceptual elements that contribute to create an atmosphere capable of drawing and maintaining [a] player's attention on an emotive basis” (Fabricatore, 2000, p. 8). Ambiance information contributes to a player's feeling of being part of the gaming world and the player's immersion into the gaming world. “Functional information is inherent to whatever is needed to understand and control the game-play (i.e., what can be done during the game-playing, and the purposes to do it)” (p. 8).

Fabricatore (2000) also elaborated how opportunities for learning are linked to the phases of the cycle. In the first phase of the cycle, a player undertakes learning processes that contribute to the development of insight, visual-spatial perception, strategic thinking, and logical reasoning as a result of using these abilities or skills to gather actively relevant information about the gaming world. In addition, part of the gathered information could be educationally relevant information depending on the game content. In the second phase, a player is required to analyze the information gathered, which is an opportunity to develop analytical capabilities as part of reasoning processes. While game playing, “analyzing information means at least interpreting available data and identify relationships with previously acquired information in order to draw conclusions regarding the status of the gaming world” (Fabricatore, 2000, p. 11–12). The third phase is related to making decisions to approach the game goal. Making decisions in the game play usually implies managing risks and resources and considering the game rules, which in turn stresses the importance of strategic thinking and the opportunity to train this type of thinking. In the final phase, a player interacts with the gaming world by using the input interface. The need for psychomotor skills in this phase is important as the pace of the game challenges the player, which in turn is relevant for the psychomotor development of the player. In addition, performing the planned actions leads to feedback about the correctness of the decision. The feedback then gives an opportunity to refine skills or abilities and thus improve the player's mastery of the game.

Cognitive Load Theory

As Norman (2011) demonstrated, digital game-based learning environments are often complex, which place demands on the player's working memory processes. If the demands and the corresponding cognitive working memory resources serve the educational learning objectives, then learning is likely to occur. However, if the demands fail to serve the intended educational processes, then learning might be disrupted or even prevented. For example, when learners are required to acquire factual knowledge or content understanding, the necessity to learn how to interact with the gaming world might hinder the intended learning process. The usage of working memory resources is one of the focuses of Cognitive Load Theory (CLT).

CLT is based on four pillars: (1) working memory with limited capacity, (2) long-term memory with unlimited capacity, (3) schemas in long-term memory, and (4) automation of schemas. CLT emphasizes the role of working memory in learning and the problem of occupying working memory by useful and unnecessary cognitive processes, that is, cognitive loads (de Jong, 2010; Sweller, 2010; Martin, 2014). The cognitive processes executed in working memory are thought to determine the effectiveness of learning. Only when information processing occurs without disturbances can learners build an adequate schema that will be stored effectively in long-term memory.

Working memory has a limited capacity, which allows processing of only a few information elements at a time. If rehearsal of memory items is not possible, items fade within seconds. Learning complex tasks is often difficult because of the working memory limitations. Learners must hold numerous elements (e.g., rules and states) in working memory while relating them, which often exceeds working memory capacity. The components of cognitive load are intrinsic, germane and extraneous loads. Intrinsic load is commonly assumed to be created by the difficulty of the subject matter related to the number of elements to be learned and their interactivity (de Jong, 2010). Intrinsic load is the basic amount of processing required for understanding a presentation. Germane load goes beyond understanding and is bound to processing information used to build schemas and store them in long-term memory (de Jong, 2010). Extraneous load is assumed to result from the presentation manner of the material and is often the main source that inhibits learning, because it is unrelated to the construction or automation of schemas (de Jong, 2010). Successful learning occurs when working memory capacity is not overburdened by overall cognitive load and when as much capacity as is available can be dedicated to schema acquisition and automation, which creates germane load. Cognitive overload is mostly created by extraneous and intrinsic load.

Long-term memory plays a special role for learning and higher cognitive processes and is beneficial for working memory in the sense that the quality of the existing knowledge and knowledge structures in long-term memory influences the quality of information processing in working memory, which in turn reduces working-memory load. Within CLT, this efficiency in processing is due to schemas. Sweller (1999, p. 10) defines a schema as a “cognitive construct that permits us to treat multiple elements of information as a single element categorized according to the manner in which it will be used.” Pollock et al. (2002; p. 63) later defined a schema as “a cognitive construct that organizes elements of information categorically and stores them in long-term memory.” Schemas represent interacting elements (i.e., elements and their interrelations; Pollock et al., 2002) and exist for flora (e.g., flowers and trees) and fauna (e.g., cats and dogs), objects (e.g., car, letters, and words), situations (e.g., danger and dating), and abstract concepts (e.g., democracy and square root). Schemas are handled in working memory as information units regardless of their complexity. “With expertise, interacting elements that would otherwise overwhelm working memory can be incorporated in a schema that acts as a single element and imposes a minimal working memory load” (p. 63). Possessing such schemas is the learner's solution to managing the problem of working memory load. When working memory processes one schematic element, it concurrently processes multiple sub-schematic interacting elements. Elements that are not bundled in a schema are most likely to overwhelm working memory. Hence, building adequate schemas is an instructional goal in helping learners. Once schemas are built, they can be perfected with automation. Automation of schemas is when the processing of the schemas occurs with minimal or no conscious effort. Thus, the automation of schema processing puts only minimal load on working memory and thus discharges it. The freed capacity can therefore be used for other processes that would not be possible when learners are in a novice state. Automation is important for expertise as well as schemas.

Cognitive Load Theory and Motivation

The CLT is not explicitly related to motivational aspects, although researchers implicitly assume a minimum of motivation to enable learners to attend to relevant information and to construct schemas (Moreno and Mayer, 2007; Schnotz et al., 2009). Recently, researchers have explored the link between motivational aspects and CLT (e.g., Schnotz et al., 2009; Ismail et al., 2013). Some researchers consider motivation as an expander of working memory capacity, although the general consensus is that working memory is an entity with a specific limited capacity for processing information (Miyake and Shah, 1999). Evidence also exists for a higher level of motivation resulting in a temporary increase in working memory capacity within some limits (Schnotz et al., 2009). A larger body of research has focused on the effects of motivation on the three types of load, especially germane load.

Motivation is especially assumed to regulate invested mental effort and the assigned memory resources to accomplish a task (Vollmeyer and Rheinberg, 2006; Schnotz et al., 2009). The role of motivation in the allocation of memory resources, however, is unclear and needs to be further explored (de Jong, 2010; Ismail et al., 2013). Motivation has been suggested to be responsible for allocating working memory resources to germane load, such as in the construction and automation of schemas (Moreno and Mayer, 2007), but motivation could also be a causal factor in the persistence of learning under high cognitive load or even overload due to intrinsic and extraneous load. Using strategies to counteract extraneous load and to manage intrinsic load, given the present context of learning and instructional presentation, could stem from motivation and invested effort into learning (Van Merriënboer and Ayres, 2005; Moreno, 2006; Orvis et al., 2008). Motivation is primarily discussed in relation to germane cognitive load (Ismail et al., 2013). Ismail et al. (2013) noted that “motivational factors, such as challenge, anxiety, interest, and probability of success can encourage or discourage students to engage in germane learning processes” (p. 329). Among these concepts, student interest and beliefs (e.g., self-efficacy) have been shown to determine the allocation of the necessary cognitive effort (Fisher and Ford, 1998; Hidi and Renninger, 2006; Moreno, 2006; Renninger and Hidi, 2011). Numerous studies have reported that a higher level of interest or motivation in a learning task is related to a higher level of invested cognitive effort (Fisher and Ford, 1998; Paas et al., 2005; Hidi and Renninger, 2006; Moreno, 2006).

Intrinsic motivation is connected to high-quality learning (Ryan and Deci, 2000). In general, positive correlations between motivation and performance have been reported (Fredericksen et al., 2000; Ali and Franklin, 2001; Aragon et al., 2001; Sankaran and Bui, 2001; Delialioglu, 2005; Waschull, 2005; Yukselturk and Bulut, 2007; Artino, 2008). A higher level of intrinsic motivation might make learners invest more resources in learning and particularly process information more deeply, thus contributing to successfully passing tests (Lazarević and Trebješanin, 2013; Lee, 2013; Yurdugül and Menzi Çetin, 2015). Research on self-regulated learning and learning strategies discuss deep and surface learning approaches, which are characterized by motives and strategies (Lee, 2013). These approaches refer to usage patterns of learning strategies that learners show when performing a specific learning task (Lee, 2013). Correspondingly, learners performing surface learning are more likely guided by extrinsic motives and strive for passing a course with minimal effort, whereas learners performing deep learning are more likely guided by intrinsic motives and strive for comprehension (Baeten et al., 2013; Lee, 2013; Laird et al., 2014). Deep learning was shown to be correlated with higher academic performance, whereas surface learning correlated negatively with academic performance (Lazarević and Trebješanin, 2013). The corresponding pattern of results could also be found with online and distance performance (Lee, 2013; Akçapinar, 2015; Yurdugül and Menzi Çetin, 2015). Considering the components of learning approaches, that is, motives (deep and surface motives) and learning strategies (deep and surface strategies), similar patterns of correlations with performance have been found for motives and strategies. Deep motives and strategies correlated positively with performance, and surface motives and strategies correlated negatively (Lazarević and Trebješanin, 2013; Lee, 2013; Akçapinar, 2015; Yurdugül and Menzi Çetin, 2015).

Effects of Game-Based Learning: Motivation, Cognitive Load, and Performance

Motivational effects of game-based learning have been studied less than cognitive outcomes (Li and Tsai, 2013; Wouters et al., 2013). For example, Connolly et al. (2012) reviewed 129 studies and identified 33 among them that reported motivational and affective effects of entertainment games (n = 26), learning games (n = 5), and serious games (n = 2). Of these, 18 high quality studies about entertainment games (n = 14), learning games (n = 4), and serious games (n = 0) were summarized. Results for learning games on motivation (n = 3) were mixed showing positive or no effects on motivation (Huizenga et al., 2008; Wijers et al., 2008; Fu et al., 2009). Divjak and Tomic (2011) investigated computer games to promote mathematics learning and found an overall positive impact on motivation. Wouters et al. (2013) conducted a meta-analysis on 38 studies about serious games from 1990 to 2012. Serious games were more effective in terms of learning (immediate measure of knowledge and cognitive skills; d = 0.29; 77 pairwise comparisons with n = 5,547) and maintenance of learning gains (delayed measure; d = 0.36; 16 pairwise comparisons with n = 499), but they were not significantly more motivating (d = 0.26; 31 pairwise comparisons with n = 2,216) in comparison to conventional learning methods.

Connolly et al. (2012) identified 32 among 129 studies that reported effects of entertainment games (n = 3), learning games (n = 26), and serious games (n = 3) on knowledge acquisition and content understanding. They summarized high quality studies about entertainment games (n = 3), learning games (n = 12), and serious games (n = 2) in their review. They reported that overall game-based learning is linked to positive effects on knowledge acquisition and content understanding, but they also noted that only few random control studies exist of which the results are mixed (e.g., Connolly et al., 2012). The effectiveness of game-based learning has also been reviewed in several other studies (Vogel et al., 2006; Divjak and Tomic, 2011; Young et al., 2012). Vogel et al. (2006) concluded in their meta-analysis that students who used computer games or interactive simulations showed higher cognitive gains than students who were instructed in a traditional way. Divjak and Tomic (2011) investigated whether computer games promote mathematics learning and found positive impacts on learning outcomes. Young et al. (2012) also reported positive effects of video games on language acquisition, history, and physical education.

Research on motivation, cognitive load, and performance (especially retention and transfer performance) based on CLT or related theories (e.g., the Cognitive Theory of Multimedia Learning; Mayer, 2014) that compare digital game-based methods with conventional media instruction methods (e.g., lectures, reading, drill and practice, or hypertext learning environments; see Wouters et al., 2013) are also rare. Clark et al. (2016) conducted a meta-analysis on digital game-based learning for K-16 students and reported from media comparison studies an improvement of learning in favor of games (d = 0.33; 57 comparison studies). Mayer (2014) evaluated qualified so-called media comparison studies in which an educational game was compared to a more traditional instructional approach in the sciences. He only identified 16 studies that met his rigorous scientific study criteria (e.g., having an experimental design with a control group, teaching the same academic content, measuring academic outcome as a dependent measure, reporting relevant descriptive statistics like M, SD, and n). He reported that 12 of the 16 studies showed superior learning for the games group (median of d = 0.69, using various outcome measures of performance). Most studies have reported higher retention performance for game-based learning (Moreno et al., 2001; Evans et al., 2008; Barab et al., 2009; Brom et al., 2011; Hwang et al., 2012), whereas other studies have reported no effects (Parchman et al., 2000; Hickey et al., 2009; Wrzesien and Raya, 2010) and lower performance (Swaak et al., 2004; Adams et al., 2012). Correspondingly, game-based learning groups outperformed control groups on knowledge transfer, problem solving, procedural knowledge and comprehension (Ricci et al., 1996; Moreno et al., 2001; Evans et al., 2008; Barab et al., 2009; Anderson and Barnett, 2011; Brom et al., 2011; McLaren et al., 2017), whereas no effect (Hickey et al., 2009) and lower transfer performance (Swaak et al., 2004; Adams et al., 2012) were rarely reported. The reported motivation and enjoyment were also higher with games (Ricci et al., 1996; Moreno et al., 2001; Wrzesien and Raya, 2010; Hwang et al., 2012; McLaren et al., 2017). Results from studies measuring cognitive load have been mixed. Some studies have found a higher cognitive load with games (Adams et al., 2012) and others having shown no effects (ratings of difficulty and comprehensibility; Moreno et al., 2001; McLaren et al., 2017). In addition, studies have shown that learning took longer when game-based (Evans et al., 2008; Adams et al., 2012; McLaren et al., 2017). Mayer (2014) also reported that four of the five studies showed superior second-language learning for the games group (median of d = 0.96), three of five in learning mathematics (median of d = 0.03), three out of three studies in learning language arts (median of d = 0.32), and two out of three in learning social studies (median of d = 0.62). These studies represent a media comparison approach to game research (Mayer, 2011).

Gaming Expertise and Language Comprehension

In general, Tobias et al. (2014) articulate that research on learner characteristics and their role in game-based learning is sparse and more research on this topic is needed. Gaming expertise and language comprehension abilities are two learner characteristics that are proposed to mainly affect extraneous cognitive load when learning. Extraneous load arises from the presentation manner of the material, including presentation codes, sensory modalities, dynamics, information structure, and presentational handling. Extraneous load is therefore dependent on presentation design and thus depends on instruction designers. Correspondingly, the instructional language (i.e., the verbal code) is a feature of the presentational design. Therefore, both gaming expertise and language are potential sources of extraneous load. Extraneous load is thought to be detrimental to learning because it is not involved in the construction or automation of schemas. For example, a lack of language comprehension abilities and gaming abilities might raise extraneous load. Sweller (1999) assumed that effects of extraneous load are more likely to occur with high intrinsic load; otherwise, the extraneous load is unlikely to lead to learning problems as long as the capacity of working memory is not exceeded. Extraneous and intrinsic load are additive in that way (Paas et al., 2003).

In game-based learning, the gaming process is thought to be a source of extraneous load because a player must first learn how to play the game, which competes with resources needed for learning the subject (Adams et al., 2012). Evidence for the effect of a lack of gaming experience on extraneous load was reported in the study conducted by Virvou and Katsionis (2008) in which novice players wasted time learning to navigate a game. Orvis et al. (2006, 2007, 2008) also reported that game experience is connected to better game performance and a higher level of perceived ease of game use. Games that are difficult to play can impose a high cognitive load on working memory, which limits the capacity available to construct schemas. Hence, learning might be hindered by the need to play a game. Researchers have suggested that gaming processes should be kept manageable when focusing on the gaming environment (i.e., the gaming environment should have high usability; International Organization for Standardization, 2006; Prümper and Hurtienne, 2007), and learners should get instructional support in form of guidance (Virvou and Katsionis, 2008). Another suggestion is to provide educational games only for learners with gaming expertise. Learners with gaming expertise might not suffer as much from gaming load because they can use their more or less automated gaming schemas to control the game environment. Without the expertise and the aid of automated schemas, gamers might experience excessive load because of the need to learn to play the game. In sum, gaming expertise is expected to reduce extraneous load caused by gaming but not at the expense of intrinsic or germane cognitive load, given that the skill components necessary for playing a game (see Norman, 2011) do not overlap with the skills to be learned or trained (Tobias et al., 2014). In addition, Orvis et al. (2008) reported that game experience was positively correlated to motivational aspects like task self-efficacy and self-set performance goals. In contrast, Anderson and Barnett (2011) reported no effects of gaming expertise on learning success.

An additional source of extraneous load is the instructional language. Not speaking the same primary language and relying on English is common in international learning settings, for example, at universities where the lack of language proficiency could add extraneous cognitive load to the difficulty of the learning task. When language comprehension is difficult, causing high cognitive load on working memory, less capacity is available to construct schemas. Hence, learning might be hindered by the need to understand a foreign language. Consequently, instructional texts should be kept simple when addressing the learning environment, or learners should have language comprehension expertise when addressing learner characteristics. Learners who can comprehend the language might not suffer as much from language load because they can use their more or less automated language comprehension schemas to understand the instruction. Without these schemas, they might experience excessive cognitive load because of comprehension difficulties. In sum, good language comprehension abilities are mainly expected to reduce extraneous load but to not affect intrinsic or germane cognitive load as long as the skills needed for comprehension do not overlap with the skills to be learned or trained.

RESEARCH OBJECTIVES AND EXPECTATIONS

Research has shown that games of all types affect motivation and cognitive load (e.g., Schrader and Bastiaens, 2012; Woo, 2014), two important factors that influence learning. The structure of games is capable of engaging people and in extreme cases even pushing them into addiction (Kuss and Griffiths, 2012). Yet, a game's structure and complexity create a high level of cognitive load (Keller, 2008; Schrader and Bastiaens, 2012; Woo, 2014; Nebel et al., 2015). Media comparison studies investigate the extent that motivation, cognitive load when learning and performance are influenced by using an educational game. Accordingly, we used the educational game CellCraft and compared it to hypertext instruction covering the same content.

Motivational effects of game-based learning are not studied as much by researchers as cognitive outcomes and have been mainly studied with entertainment games (Connolly et al., 2012; Li and Tsai, 2013; Wouters et al., 2013). In addition, mixed results of educational games on motivation have been reported, and level of motivation has been mostly rated after learning retrospectively (Huizenga et al., 2008; Wijers et al., 2008; Fu et al., 2009; Divjak and Tomic, 2011; Wouters et al., 2013). Furthermore, motivation has often been measured on a general level in research that focused primarily on cognitive aspects of learning. The various factors of motivation were mostly not assessed to the extent that would provide deeper insights into motivation. In the present study, the following four factors of motivation in learning situations were assessed before learning: anxiety about failing, challenge, interest, and probability of success1. Interest was also assessed after learning to analyze changes over time. Various assessments of interest have been regularly used in previous studies, which provides a basis for comparisons to the literature.

The literature review led to the following two hypotheses:

Hypothesis 1: Learners intending to play an educational game will experience a higher level of anxiety, challenge, and interest but a lower level of probability of success than learners intending to learn with a hypertext instruction.

Hypothesis 2: Learners having played an educational game will experience a higher level of interest than learners having studied a hypertext instruction.

In general, the reviewed literature had shown that educational games are cognitively challenging and therefore regarded as more effortful than other forms of instruction. Nevertheless, they often proved to be effective tools in imparting knowledge and skills. Based on the literature review the following hypotheses were tested:

Hypothesis 3: Learners playing an educational game will experience a higher level of cognitive load than learners studying a hypertext instruction.

Hypothesis 4: Learners playing an educational game will outperform learners studying a hypertext instruction on knowledge retention and transfer.

Tobias et al. (2014) emphasized that more research on learner characteristics is needed. Hence, we wanted to explore whether learners could also benefit from instruction when they have only minimal gaming experience or the instructional language is not their mother tongue. Not speaking the same primary language but English is quite common in international learning settings. It might add some (extraneous) cognitive load to the challenge (difficulty) of the learning task in general and thus influence the gaming experience as well as learning outcomes.

Hypothesis 5: When playing an educational game, successful learners will possess a higher level of gaming experience and are better in English comprehension.

METHODS

Sample

Thirty-nine students [30 women and nine men; M = 23.9 years, SD = 1.80; age range = [19–28]] from the University of Regensburg (Universität Regensburg; n = 36) and the East Bavarian Technical University Regensburg (Ostbayerische Technische Hochschule Regensburg; n = 3) participated in this experiment. The average semester of study was 8.18 [SD = 2.48; semester range = [1–12]]. Overall, students were enrolled in 23 different subjects covering natural sciences and liberal arts of which 16 were studying their degree course that ends with a state examination (15 students studied to become teachers and one chemistry), six students were enrolled in a BA and 17 in an MA degree course. None of the students studied biology. All students' native language was German. Furthermore, no significant differences were found between the two treatment groups on sex (Fisher's exact test, p = 0.72), age (p = 0.43), semester of study (p = 0.73), and type of degree (Fisher's exact test, p = 0.32).

Seventeen of the 39 students (43.6%) reported that they play computer games, 22 reported that they did not (56.4%). All but one male student played games (88.9%) whereas only nine of 30 female students (30.0%) played. The players favored playing strategy games (n = 11), action and jump'n'run games (n = 8), shooter games (n = 6), simulations (n = 3), and learning games (n = 1). Ten students reported playing up to 2 h per day (58.8%), six students between 2 and 4 h (35.3%), and one student between 4 and 6 h (5.9%). The non-gaming students reported a lack of interest (n = 19) and a lack of time (n = 7) that prevented them from playing.

We recruited students from the joint campuses of Regensburg University and the East Bavarian Technical University of Regensburg. Despite our attempt to obtain a diverse sample of students from a broad range of study subjects, gaming expertise, and English expertise, we could not assume representativeness of the sample with respect to the population of students in Regensburg or the general population. Nevertheless, by assigning participants randomly to the treatment groups, we assumed the variance in the two groups would be the same, allowing for a reasonable comparison of treatments. The explorative analyses of the relations between gaming expertise and English expertise with motivation, learning experience, and success of learning is quite biased by the non-random sampling method, but the gaming and English expertise data from the present study is similar to data collected, for example, from psychology or pedagogy students at Regensburg University. Moreover, confronting students with unexpected instructional themes and methods is a typical aspect of learning for novices in any field of study at the university. Thus, we considered the conducted gaming and hypertext instruction to be adequate to investigate the research question.

For descriptive purposes, participants were asked at the beginning of the experiment about their experience with multimedia educational games and learning environments and with reading and comprehending English texts in their studies, the ease at which they can comprehend English texts, and about whether they previously attended courses about cell biology. In addition, they rated their level of domain-specific knowledge and current interest in cell biology. Table S2 of the Supplementary File lists the English translations of the German items, and Table 1 shows the descriptive statistics. Overall, the sample reported to be less experienced in using e-learning environments and educational games, but English comprehension was rated to be fairly easy, given that the reading and comprehension of English texts is a regular feature of studies. Students also regard themselves as having only little prior knowledge about cell biology, and correspondingly most students had not attended any university course on this subject. On average, they were moderately interested in the subject of cell biology.


Table 1. Characteristics of the students' subjective ratings of their learning experience, prior knowledge, interest, and comprehension of English texts.

[image: image]



Design and Procedure

Before starting the experiment, the students were randomly assigned to a hypertext and a game learning group. At first, the students received the instruction about the procedure of the experiment and the learning task, which included the introduction of either the educational hypertext or game. The participants then provided demographic data and responded to questionnaire items that assessed domain-specific knowledge, experience with gaming, biology in general and English texts, and their current motivation to learn. Afterwards, the participants had 1 h to work through the hypertext or to play the game. While learning or gaming, the students were asked three times to rate their cognitive load. A final questionnaire was administered after the 1 h that assed participants' knowledge, their interest, and the experienced cognitive load while learning or gaming.

Description of the Training Material

CellCraft Game

We used CellCraft v. 1.0.1 for gaming based on the following two criteria: (1) the game should ensure a high level of ecologically validity and should be web-based so that everybody can access it. (2) The game should also have a high standard of quality in terms of programming, creativity, and factual accuracy. The game is developed by Carolina Biological Supply Company in the U.S., which has been offering science teaching materials since 1927 throughout the world. CellCraft is playable in full-screen mode without advertising, which could otherwise bind working memory resources and thus disturb learning and research on learning games. The game was retrieved from http://www.silvergames.com/cellcraft. It is programmed to work with Adobe Flash.

CellCraft consists of eight consecutive game levels in which the user applies the knowledge learned at each level to help a cell survive. The tasks of the levels are shown in Table 2. The plot of the story is revealed to the player through short animated scenes between levels (see Figure 1). The cell is the central theme in an animated story about the rescue of the platypus species on the planet Monotremes, which is in threat of being destroyed by a meteorite. The platypus species can only be rescued by sending a platypus cell to another planet and using it to generate a new population of platypuses, which is the task of the two platypus scientists, Sydney and Spike. They are introduced shortly after the start of level 1 but are referred to as mysterious figures and do not appear until the transition video between levels 1 and 2 when the background story is introduced (see Figure 1). The player's challenge is to support Sydney and Spike in their mission. The player is required to create a viable cell and protect it against various dangers like viruses, cold temperatures, and starvation on its way through space (see Table 2, Figure 2). To protect the cell effectively, the player should apply learned information about cell organelles and how they operate.


Table 2. Overview of the game tasks and presented concepts per level of the CellCraft game.
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FIGURE 1. The screenshot shows a scene from the animated story that is used to reveal the plot during the transition between game levels (with permission of Carolina Biological Supply Company). The screenshot was taken from the transition between Level 1 and 2.
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FIGURE 2. The screenshot shows a scene from Level 5 with the presentation of the current objective in the upper right-hand area and the available resources in the lower right-hand area (with permission of Carolina Biological Supply Company).



Players must learn how to apply their knowledge and transfer it to the game events. While controlling the cell throughout the different levels, reactions from the cell's environment informs players of their success of correctly applying the knowledge about cells. Each level of the game requires the player to use the knowledge gained in preceding levels. Therefore, with every mastered level, they are expected to improve in applying their knowledge and hence their gaming ability.

While fighting for the cell's survival, the player learns about the rules and regularities of the game. By defending against viruses and searching for resources for maintaining the cell metabolism, the player learns about the biochemical processes of the cell and the functions of the organelles that are involved in the various processes. After each attack of the viruses, the players receive feedback about their performance by showing a grade according to the American letter grading system (A to F) and by displaying how many viruses have multiplied in the cell or escaped. Performance evaluation is not transparent to the player. That is, the relationship between grades and game play or virus activity is not clear to the user. At the end of each level, the performance of the player is additionally evaluated by a grade and the time needed to finish the game level. No social comparison data are provided, for example, leaderboards or rankings of other players. Game difficulty is equal to all players and cannot be adjusted by the player. Successfully played game levels can be replayed, but players cannot skip a level.

Verbal information is presented in English as on-screen text. Specialist terms are used, but overall, the text is simple. The only audio in the game is background music, which changes when dangerous situations appear (e.g., viruses attacking the cell) and transitions between game levels are operated. Players can turn off the background music at any time. The transition videos can also be skipped.

After starting the game, the screen layout and functions are slowly introduced to the player by guiding attention to screen areas and functions and providing on-screen text explanations. The player can discover functions without the aid of the game. At the beginning, the game also provides strategy tips, for example, how to economize resources like the cell fuel Adenosintriphosphat (ATP). Strategy tips are mainly suitable for players having little experience with strategy games. The frequency of hints and strategy tips decrease with game progress. If the platypus cell gains a new organelle, the information is given. All types of information about screen areas, functions, strategies, and cell organelles are mainly given by on-screen text presented in a window in the middle of the screen. The explanations of cell organelles also includes illustrations and animation.

Hypertext CellCraft

The control group learned with a hypertext environment that provided the same content as the CellCraft game and approximated the amount and the duration of the text (see Figures 3, 4). Technically the hypertext was developed with PowerPoint. Users navigated by clicking on hypertext links that were blue, bolded, and underlined (see Figure 4). Additionally, a navigation menu allowed returning to the previous slide via an arrow button and to the slide map via a button depicting a house (see Figure 4). The information was sequenced to correspond with the game levels of CellCraft, starting with basic concepts and processes and then progressively providing more specific and elaborated information. The pictures, videos, and audios used in the hypertext version were taken from CellCraft. The hypertext comprised five modules (see Figure 3), whereas the game offers eight game levels. This difference is due to the game levels 6–8, which offer little relevant, new information but only elaboration through gaming. The only relevant information found in level 6 was integrated in one of the five hypertext modules. A click on the compass button presents an overview of the content. The learner has more control over sequencing and pacing of the information compared to CellCraft. The hypertext was designed without game elements and similar arousing elements.


[image: image]

FIGURE 3. The screenshot shows the menu of the hypertext presenting its five sections (the six images are licensed for reprint or used with the permission of the copyright holder; Anonymous, 2007, 2011; Peters, 2006; TenOfAllTrades at English Wikipedia, 2007; Yuuji, 2010; Seilnacht, 2013). The circled arrows indicate the sequence of sections. The compass in the lower left-hand area of the screen leads to the content overview.
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FIGURE 4. The screenshot was taken from the second section of the hypertext showing blue hyperlinks (the image is licensed for reprint or used with the permission of the copyright holder; TenOfAllTrades at English Wikipedia, 2007). The house button leads the learners back to the menu page (the button is our own creation).



Means of Measurements

The Supplementary File presents the questionnaires used in the study. Tables S1–S5 of the Supplementary File list the English translations of the German items of the measurement scales and other items, Tables S6–S10 list the German items (see Supplementary Material section). Table 3 presents the features of the measurement scales (number of items, M, SD, score range, number of subjects, Cronbach's alpha).


Table 3. Descriptive statistics of the assessment used for statistical analyses.
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Prequestionnaire

The students were asked about their sex, age, mother language, and studies (type of university, major or area of study, degree program, and current semester).

The domain-specific prior knowledge was measured by 10 single-choice questions, six questions assessing factual knowledge and four questions assessing comprehension of processes. Each question comprised four alternative answers and an option “I don't know.”

Participants then reported and rated their experience with computer games (four questions) and learning environments (one question). In addition, students rated their experience with cell biology in general (two questions), their current interest in cell biology (one question) and their experience with reading English texts (one question) and their ease of comprehension of English texts (one question).

Finally, the students' current motivation was measured by the Questionnaire on Current Motivation (QCM) of Rheinberg et al. (2001), Freund et al. (2011). The questionnaire assesses four factors of current motivation in learning situations: anxiety (five items), challenge (four items), interest (five items), and probability of success (four items). Items were rated on 7-point scales from disagree to agree.

Questions While Learning

Three times while learning, the students rated their current level of cognitive load by placing a check mark on a 7-point scale from very, very low to very, very high. Students were instructed to pause learning when an audio signal was given and to immediately rate their level of cognitive load.

Postquestionnaire

After learning, only the game-based learning group was required to report the number of trials they needed to finish a game level. Then performance was assessed by using the pretest of domain-specific prior knowledge. Subsequently the students' interest was rated again by the interest scale of the QCM (already used in the prequestionnaire) of Rheinberg et al. (2001). Finally, the students reported their level of domain-specific knowledge after learning and again their level of cognitive load while learning retrospectively on a 7-point scale from very, very low to very, very high.

Annotation to Analyses

Means of items were calculated for prior knowledge, current motivation (i.e., anxiety, challenge, interest, and probability of success), and performance. Cognitive load and level of knowledge after learning were measured by one-item subjective ratings. A high score expresses a higher level of the feature. In addition, prior knowledge and performance scores were rescaled as a percentage of correct answers.

RESULTS

Motivation

The learning groups differed significantly in experienced interest, anxiety, and challenge but only marginally in probability of success (see Table 4). The gaming group was more interested before the learning phase but also more anxious about failing. They also felt more challenged by the educational game. The gaming group also rated its probability of success lower than the hypertext group, but unexpectedly no differences were found between the groups (resulting also in a small effect size of d = 0.43). After the learning phase, the groups still showed about the same levels of interest. Thus, nearly the same difference in motivational levels between groups was found. This pattern of results is also reflected by the non-significant effect of time and the non-significant interaction effect of the repeated measurement ANOVA. All learning group effects analyses revealed large partial eta-squared effect sizes. Thus, Hypotheses 1 and 2 could be confirmed.


Table 4. Descriptive statistics and the test results of the four motivation subscales.
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Cognitive Load

The repeated-measures ANOVA revealed two different courses over time of cognitive load while learning between the learning groups (see Table 5). This pattern is reflected by a significant interaction between the learning group and time and the non-significant main effects of group and time. The level of self-reported cognitive load increased in the gaming group from the first measure after 15 min of gaming to the second measure after 30 min and then stayed at the same level, whereas the course of cognitive load for students in the hypertext group showed the reverse pattern. Cognitive load stayed at the same level for the first and second assessment and then decreased to a lower level. The experienced cognitive load with hypertext learning is noteworthy because it was higher than with gaming for the first two measures and then changed order. Ratings of cognitive load after learning showed no difference between learning groups. Therefore, Hypothesis 3 could not be confirmed.


Table 5. Means and standard deviations and the test results of the cognitive load analyses.
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Performance

The repeated-measures ANOVAs of retention and transfer performance showed similar results. Students in both learning groups improved their knowledge (see Table 6; significant effects of time), but the hypertext group outperformed the gaming group. Students in the hypertext group started at an equal level of prior knowledge in terms of prior retention performance and prior transfer performance, and then they descriptively gained more knowledge than the gaming group (see Table 6) as indicated by the interaction effect of time and learning type on retention performance that became significant and the interaction effect on transfer performance that remained non-significant.


Table 6. Descriptive statistics and the test results of the retention and transfer performance analyses.
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We considered whether the students in the gaming group could reach level 5 of the game, given that all relevant information (tested in the performance test) could have been already gained from level 1 up to the beginning of level 5. Table 7 summarizes the number of trials needed and the number of students who completed each level and the highest game levels achieved. Four out of the 20 students reported not having reached level 5. The higher the game level, the lower the completion rate within the 1 h learning time. Calculating repeated-measures ANOVAs of retention and transfer performance entering only the gamers who completed level 4 replicated the result shown above (see Table 8). Thus, overall, Hypothesis 4 could not be confirmed.


Table 7. The number of students and the trials needed to complete each game level.
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Table 8. Descriptive statistics and the test results of the retention and transfer performance analyses for learners who completed Level 4.
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Gaming Experience and English Comprehension Skills

Inspecting the descriptive statistics of the gaming group on ratings of English comprehension ability and gaming experience shows differences between students who completed and failed Level 4 (see Table 9). Overall, the failing students seem to have had less experience in gaming and in comprehension of English texts.


Table 9. Descriptive statistics of the students' subjective ratings of their learning experience and comprehension of English texts.
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English comprehension skills and gaming expertise scores each covaried in the expected directions with interest after gaming, cognitive load ratings (post-study measure), retention performance, transfer performance, and completed level (see Table 10). Overall, gaming expertise and English comprehension skills positively correlated with interest, performance, and completed level of gaming but negatively with cognitive load. The correlation between performance and gaming expertise was non-significant, which could have occurred because starters of game Level 5 had received all the necessary information for the performance test. In general, Hypothesis 5 could be confirmed.


Table 10. Correlations of learning experience and English comprehension skills with interest, cognitive load, performance, and completed level.
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DISCUSSION

The aim of the media comparison study was to investigate the extent that an educational game affects motivation, cognitive load while learning, and performance of students compared to a more traditional text-based hypertext instruction. Generally, we expected that using a game for learning should lead to higher levels of motivation, cognitive load, and learning outcomes. The results showed that the level of motivation before learning was already higher when students expected to learn while playing a game. They reported more interest and anxiety of failing, and they experienced a higher level of challenge and reported a tendency toward a lower probability of success than students in the hypertext condition. Students' interest was also higher after learning via the game. Unexpectedly, students reported the same level of overall cognitive load in the game and hypertext conditions, but the curves of load while learning differed. The gaming students reported a lower level of load at the beginning, but it raised afterwards and stayed on the same level until the end of the study period. In contrast, the hypertext group started with a higher level of load but decreased to a lower level until the final period of the study phase. Both types of instruction fostered retention and transfer performance, but the hypertext group outperformed the game-based group on retention. This result is essentially due to a subgroup of students in the game group who had less gaming experience and was worse in English text comprehension.

Motivation and Performance

We found evidence for the assumption that educational games have a high potential to motivate. The present study showed differentiated knowledge about motivational conditions of learners even before starting to learn. Students were more interested, experienced a higher level of challenge, had more anxiety of failure, and a tendency to report a lower likelihood of succeeding than students in the hypertext condition. These results of the motivation measures are noteworthy because motivation, and in particular interest, has been assessed after the learning phase and very often with one-item ratings in most published studies (Huizenga et al., 2008; Wijers et al., 2008; Fu et al., 2009; Divjak and Tomic, 2011; Wouters et al., 2013; Mayer, 2014). We also found that the level of interest after learning did not change in comparison to the level before learning for both hypertext and game-based learning. The results correspond to research on digital entertainment games and educational games (Huizenga et al., 2008; Wijers et al., 2008; Fu et al., 2009; Divjak and Tomic, 2011; Connolly et al., 2012; Li and Tsai, 2013; Wouters et al., 2013) and research on motivation (Divjak and Tomic, 2011, but not Wouters et al., 2013, and Connolly et al., 2012).

The motivational differences found between the game-based and hypertext learning groups did not result in superior performance of the game-based group. This finding is contradictory to the literature, which has often shown games to be effective tools in imparting knowledge and skills (Vogel et al., 2006; Divjak and Tomic, 2011; Connolly et al., 2012; Young et al., 2012; Wouters et al., 2013). This inconsistency can be explained by differences in gaming time and the number of training sessions among studies. Wouters et al. (2013, p. 251) raised the question of “whether a training of only one session is sufficient to ensure cognitive changes.” They suggested that games show their effectiveness “only after multiple training sessions in which the players get used to the game” (p. 251). In other words, the players must first adjust to the game procedures before deeper learning can result in better performance. The meta-analyses performed by Wouters et al. (2013) and Clark et al. (2016) support this point. They reported higher learning gains with multiple sessions for serious games than conventional instruction methods and that multiple sessions are more effective than only one session. The results of this study using a 1 h session also supports this claim. Some learners had difficulties with the game and therefore did not proceed as fast as the other users. Consequently, they could not process information provided in higher levels of the game and hence performed worse than students in the hypertext group. English skills also contributed to this result. Poor English skills might have contributed to worse comprehension of instruction and game play compared to students with adequate English skills. This influence of English skills and gaming expertise in addition to a possible interaction of skills should be considered in future studies that investigate game-based learning in a foreign language. Exploring which students and in which contexts educational games can be helpful is an important research focus for practical purposes, which can be addressed by investigating individual difference variables of students.

Cognitive Load and Mental Effort

The reported levels of cognitive load experienced while learning did not differ between groups using CellCraft and a comparable hypertext for learning. This result does not support the assumption that educational games are cognitively more challenging and therefore regarded as more effortful than other traditional forms of instruction. Hence, this result is also contradictory to literature (Keller, 2008; Schrader and Bastiaens, 2012; Woo, 2014; Nebel et al., 2015; Westera, 2015). The assumption is partly strengthened based on the finding that some students in the game-based learning group could not complete the necessary level that had presented the last relevant information of cell biology. This result can be interpreted that playing CellCraft was effortful and challenging, causing at least some students to proceed slower than expected because of gaming difficulty.

To explain the cognitive load results, two aspects must be considered. First, subjective ratings of cognitive load and mental effort are under criticism. As in this study, cognitive loads are often measured by one-item ratings (Sweller, 2010; Martin, 2014). de Jong (2010) summarized a multitude of issues related to subjective cognitive load ratings, especially when using one-item rating scales. He questioned the validity, reliability and sensitivity of the instrument, particularly the variation of scales used in self-report assessments (e.g., number of points, anchor terms), and how often and when self-report measures are used (e.g., during or after learning). Furthermore, scores are not consistently interpreted (e.g., as a high or low cognitive load score) and easily comparable across studies (e.g., when scores are associated with poor performance conditions in one study and with high performance conditions in another study). These aspects should be considered when interpreting results of this study. The one-item subjective ratings used in this study might simply be inadequate measures in the context of learning via games, which would make them a poor basis for the comparison of load scores. The second aspect is that game-based learning might rapidly bring students to the point at which their level of gaming skills meets the difficulty of the gaming task. This rapid skill development is assumed to be a precondition for experiencing flow, and students experiencing flow are not expected to rate their effort validly. In general, students experiencing flow are expected to underestimate their invested effort (Schnotz et al., 2009).

The reported load curves in the learning groups nevertheless reflect some plausibility. The gaming students reported a lower level of load at the beginning, which then increased and remained at the same level until the end of the study period. This pattern might reflect a normal flow of gaming with CellCraft. At the beginning, the cover story is set up and gamers are introduced to the game procedures (Level 1). The story and procedures are relatively easy at this point and are thus expected to not place much load on gamers. When the game becomes more difficult, cognitive load also increases. Given the equilibrium mechanism between skill level and difficulty of the game, it might be held relatively constant until the end of the game (or learning period). In contrast, the hypertext group started with a higher level of load that decreased to a lower level until the final period of the study phase. This curve could reflect the learning process adequately. Students using hypertext start from the beginning with information processing and knowledge construction given a fixed level of difficulty of navigating the hypertext. Then, when students reach the end of studying (i.e., they have worked on mostly all parts of the hypertext or have completed it and now spend the available time with reviewing information), the cognitive load decreases. Our findings point to this interpretation of load curves.

Limits

The present study is a media comparison study, comparing students who learned about cell biology using an educational game called CellCraft with students who learned the same content using hypertext. This method was chosen to investigate whether educational games offer learning advantages over traditional instruction. The criticism of media comparison studies by Clark (1994) is relevant. Clark criticized that media is often confounded with instructional methods in media studies and thus effects are not clearly attributable. Clark also stated that media are only vehicles for the instructional method which accounts for learning. To address this point, we ensured that at least the instructional content was equivalent and that two active learning situations were compared. This study provides no advice on how to design an educational game that fosters motivation and learning, which would be better achieved with a value-added approach.

The main limitation of the present study is the short duration of the gaming and studying time, which resulted in providing only a limited learning experience. Limiting learning to a 1 h session and letting non-English native speaking students play alone in groups constitutes a special learning environment, especially when using CellCraft. The results therefore cannot be generalized to other learning situations and users. CellCraft is an example of a real-time single-player strategy game (genre category) that uses a cover story and a simple mouse event play procedure. Nevertheless, our findings revealed the potential of games in motivating students. Furthermore, using subjective one-item ratings of cognitive load or mental effort in a gaming context, as in process assessments, was shown to be problematic. The results from one item does not seem to represent fluctuations of cognitive load well and may not provide a standardized comparison of media. Therefore, more advanced and objective measures of cognitive load should be applied (de Jong, 2010; Clark, 2012; Martin, 2014).

Future Perspective

We recommend that studies should investigate motivation more broadly and more comprehensively by focusing on the factors of motivation guided by theory. In addition, the course of motivation in single sessions as well as over multiple sessions should also be tracked, including assessments before gaming. This would help to clarify motivational effects of games and game design characteristics.

More adequate, objective measures of cognitive load should also be used. As with motivation, the variation of cognitive load in single sessions as well as over multiple sessions should be tracked. This would help to clarify cognitive load effects of games and game design characteristics.

We also recommend that gaming duration and the number of sessions should be included as a research focus to clarify when educational games are more effective (e.g., in terms of performance) or desirable (e.g., in terms of motivation) than traditional instruction. In addition, even when retention and transfer knowledge is regularly assessed in studies based on CLT, researchers should note that games seem to affect a broader range of learning outcomes. Thus, a game for learning might be provided for more educated learners, although the game may not be the most efficient method to reach the desired cognitive learning objectives. Instead, the game could be used to achieve other valued goals, such as motivational or emotional goals. This approach would imply a more detailed task analyses of games like Tobias et al. (2014) had suggested.

Finally, more research on learner characteristics is needed (Tobias et al., 2014). Although gaming expertise is recognized as a crucial characteristic, it is rarely investigated. Gaming expertise is particularly suggested to be a mediator of the effects of the number of gaming sessions and game design features on gaming processes, cognitive load while learning, and learning outcomes.
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FOOTNOTES

1Probability of success refers to the participants' perception of their abilities and the difficulty of the task (Vollmeyer and Rheinberg, 2006). Vollmeyer and Rheinberg (2006) prefer the concept of a person's belief of being able to succeed in the task. Our usage of the term should not be confused with how the term is used in Classical Test Theory.
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*In correspondence to the hypotheses, single-sided Welch-tests were calculated.
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