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Computer games have become a growing area of interest in academia, business, and government (Entertainment Software Association, 2006).  The income generated by computer games continues to increase.  Games rival sales of movie tickets and are continuing their ascendancy.  Courses dealing with games are offered by an increasing number of universities (International Game Developers Association, 2005), research on the development and design of games has been accumulating (e.g., Gredler. 1996; Malone, 1984; Mayer, Dow, & Mayer, 2003: Squire, 2006), and scientific, technical, and business societies from many disciplines (e.g., Association for Computing Machinery, American Psychological Association, Business Roundtable, Society for Manufacturing Engineers, and (even) the American Educational Research Association) have begun to devote part or all of their meeting programs to discuss the effects of games. 


This activity has spawned interest in what people learn from games, and the accumulation of findings from empirical studies on the learning effectiveness of games is growing (e.g., Fletcher & Tobias, 2006; Hays, 2005; Mayer, 2007; O’Neil, Wainess, & Baker, 2005; Randel, Morris, Wetzle, & Whitehead. 1992; Rieber, 2005; Squire, 2006; Tobias & Fletcher, 2007, 2008).  This paper is based on a continuing review of the research literature initiated several years ago to assess learning from computer games.

The implications of research for the design of computer games have been discussed elsewhere (Tobias & Fletcher, 2007).  Advocates of computer games often suggest (Gee, 2003; Gredler, 1996; Squire, 2006; Shaffer, 2006, 2007) that they may be differentiated from traditional learning because students become immersed in rich and stimulating environments while playing games.   Even though anecdotal and observational evidence supports the participatory character of games, such participation must ultimately affect game players in measurable ways.  We have been examining the evidence for such effects.
In an early review of the literature on learning from games Randel et al. (1992) reported that of 68 studies, 56 percent found no difference between games and conventional instruction, 32 percent found differences favoring games, not including another seven percent whose controls were questionable, and five percent favored conventional instruction.  In 12 of 14 studies, students reported more interest in games than in classroom instruction, even when controls for initial novelty were employed.  Games showed greater retention over time than conventional instruction, even in studies where no differences were found immediately after completing the activity.  In hindsight, enhanced retention might well be expected from games because their story lines allow separate elements to be associated and linked, confirming empirically-based conclusions on knowledge and skill retention in general (e.g., Wisher, Sabol, & Ellis, 1999).  

Although Randel et al. found only a few studies in each of several content domains, they concluded that games were superior in teaching about mathematics, physics, and other areas where specific objectives can be stated.  In other studies they found significant effects favoring games on tests specifically designed for the study, but not on general achievement tests.

The studies reviewed below do not distinguish between educational and training contexts since the same instructional methods and procedures are used in both, though they may differ with respect to goals (Tobias & Fletcher, 2000).  In this paper we refer to instructional outcomes, denoting both educational and training contexts.

Transfer

A major focus of this paper is on evidence of learning that is transferred from games to real-life tasks.  Such transfer is of central significance for the effectiveness of games to deliver instruction. Without transfer, games, however entertaining, may be of little use for instruction in either educational or training context



s.  Both far and near transfer have been studied (Barnett & Ceci, 2002).  They concern when and where transfer occurs.  By far transfer we mean that the skills and knowledge learned from games could be applied in situations substantially different from the game context.  Near transfer, on the other hand, indicates transfer to tasks that were quite similar to those in the game.  Distinctions between far and near transfer are matters of degree.  Table 1, adapted from a similar table in Barnett and Ceci, shows the extreme near and far ends of this transfer dimension with regard to transfer in six different areas (knowledge domain, physical context, temporal context, functional context, social context, and modality).  There are parallels in Barnett and Ceci’s dimensions to the notions of high-road and low-road transfer presented by Salomon and Perkins (1989), but discussion in this paper will be limited to Barnett and Ceci’s presentation of far and near transfer.
Table 1.  Near and Far Transfer Examples for Six Domains (adapted from Barnett & Ceci, 2002)

	Area of Transfer
	Near Transfer
	Far Transfer

	Knowledge Domain
	From Mouse to Rat
	From Fish to Bicycles

	Physical Environment 
	Same Room
	From Inside a Room to the Beach

	Temporal Context
	Same Session
	Years later

	Functional Context
	Both Academic
	From Academic Abstractions to Physical Play

	Social Context
	Both Individual
	From Individual to Society

	Modality
	Same Written Format
	From Lecture to Wood Carving


At the extreme end of the far transfer dimension are studies concerning games and performance in surgery which are discussed below.  A number of studies have also found improvements in cognitive processes as a result of game playing.  While such improvement certainly imply transfer, game moves and task requirements are usually not fully described, making it more difficult to determine whether they demonstrate near or far transfer.  They are collected and discussed separately in this paper.

Far Transfer.   

Gopher, Weil, and Bareket (1994) compared the performance of two groups trained for 10 hours on the Space Fortress II game to a third, ability-matched control group not exposed to the game.  The version of Space Fortress used was modified by Donchin, Fabiani and Sanders (1989) from the game originally developed by Mane and Donchin (1989) to simulate a complex and dynamic aircraft flight environment.  Performance of the two game groups did not differ significantly from one another, but they both performed significantly better than the control group on the transfer task, which involved flying real aircraft. Gopher, et al. attributed the superior performance of the game groups to similar demands on attention and cognitive load in the game and in actual flight.
On the other hand, Hart and Battiste (1992) found that assigning trainees to an off-the-shelf game (Apache Strike Force), also dealing with flying, had no transfer effects. The contrast between the Gopher, et al (1994) findings and those of Hart and Battiste suggest that the key element in expecting far, as opposed to near, transfer may be due less to physical similarities between computer games and external tasks than to similarities in cognitive processes engaged by games and real life tasks.  

There are other studies reporting far transfer from games to real life tasks.  Brown, Lieberman, Gemeny, Fan, Wilson, and Pasta (1997) found that children who played a game with diabetes content had greater gains in communicating with parents about diabetes and in diabetes self-care than did controls who played an entertainment game.  Two marginally significant findings were that medical visits decreased and self-efficacy related to diabetes self-care improved among those who played the game. These two effects may have achieved conventional levels of significance if a multivariate analysis of variance had been computed rather than the series of t tests on gain scores used in the study. 

In a more psychophysical domain, Fery and Ponserre (2001) found that a video golf game improved players’ putting on a real putting green compared to a control group.  The game was selected so that it “might reproduce the real-world game (and) the user might gain a ‘feel’ for the actual task through simulation” (p. 1028).  Additional pains were taken to reproduce the velocity of putting movements with movements of the computer mouse. 

The studies reviewed above, among others, suggest that far transfer may be expected if games and real life tasks engage similar cognitive and presumably psychomotor processes.  There were also some negative findings involving transfer.  For example, Van Eck and Dempsey (2002) found no transfer attributable to competition and contextual advisement in a computer-based word problem simulation game for junior high school students.  While some interactions emerged, there were no differences in performance between students using the computer game and controls who received identical word problems without using computers.

Surgery and Games.  Laparoscopic surgery -- using a tiny camera and instruments controlled by joysticks outside the body — is performed on just about any part of the body, from an appendix to the colon and gall bladder.  Rosser, Lynch, Cuddihy, Gentile,  Klonsky, and  Merrell (2007) used a sample of 33 surgeons who were assigned to play three off-the-shelf computer games (Super Monkey Ball 2, Star Wars Racer Revenge, and Silent Scope) and found that surgeons who reported never playing video games took more time to complete drills relevant to laparoscopic surgery and made more errors on them than those with some game experience or those who played more than three hours a week.  However, only the differences between the extreme groups (those with three hours of play per week versus those with no hours per week) were significant.  Players’ skills on all three games were highly correlated with laparoscopic skill and suturing ability -- the amount of past video game experience successfully predicted laparoscopic proficiency scores.  Video game skill accounted for the greatest amount of variance in laparoscopic proficiency, and accumulated past video game experience accounted for even more variance.  
The findings of Rosser et al. (2007) seem to represent the extreme end of the continuum for far transfer, from off-the-shelf games to surgical proficiency.  In addition, simulators specifically designed for specific medical purposes are widely used.  For example, simulators have been developed for endoscopopy (Bar-Meir, 2002; Clark, Volchok, Hazey, Sadighi,& Fanelli, 2005;), hernia surgery (Hamilton, Scott, Kapoor A, et al., 2001), bronchial surgery (Colt,, Crawford, & Galbraith (2001), arthroscopic surgery (Pedowitz, Esch, Snyder, 2002), and others.  Gallagher, Lederman, McGlade, Satava, and Smith (2004) found that after only three trials of six tasks each, laparoscopic surgical novices approached the performance of experienced laparoscopic surgeons on a virtual reality surgical simulator.

This research indicates that simulators designed specifically for surgery were effective in improving surgical performance, presumably because the simulators engaged both cognitive and psychomotor processes that were similar to those used in surgery.  The results of Rosser et al. (2007) are the only ones reporting improved surgical performance attributable to the use of off-the-shelf computer games.  In view of the fact that game playing in that study was found to be more predictive of surgical proficiency than other traditional indicators, their study needs replication and elaboration.

Game Effects on Cognitive Processes.  

Some findings report transfer to cognitive processes that are presumably engaged by playing specific computer games.  For instance, Green and Bavelier (2003) compared the visual abilities of subjects who had played an action video game for at least an hour a day for six months to a control group who had played few or no games for six months.  Four experiments found improvements in different indices of visual attention for the players compared to controls.  A fifth experiment found improvements in visual abilities among neophyte players, compared to their pre-playing abilities, which Green and Bavelier attributed to playing the video game.
Greenfield, Brannon, and Lohr (1994) found a correlation between video game expertise and performance on a mental paper-folding test, but short-term video game practice had no effect on paper folding.  Structural equation modeling found that video game expertise, developed by self reported long-term playing, had a beneficial effect on performance on the paper folding test.

Okagaki and Frensch (1996) found improvements in spatial visualization among males as a result of playing the video game Tetris (Gustaffson, 1988).  Notably, the visualization skills developed by the game and the Object Assembly subtests of the Wechsler Intelligence Scale for Children (Wechsler, 1991) are quite similar. These findings led Subrahmanyam et al. (2001) and Greenfield (1998) to speculate that the observed increases in non-verbal intelligence test scores during the last century may be due to the proliferation of imagery and electronic technologies in the environment that occurred during that time.

Subrahmanyam and Greenfield (1994) found that practice on a computer game (Marble Madness) among 5th and 6th graders improved spatial performance (e.g., anticipating targets, extrapolating spatial paths) compared to practice on a computerized word game called Conjecture.  Marble Madness requires players to guide a marble along a 3-dimensional grid using a joystick, skills that are key components of visual spatial tasks.  Spatial representation includes skills such as mental rotation, spatial visualization, and the ability to deal with two-dimensional images of a hypothetical two- or three-dimensional space. 

In a cross-cultural study, in Italy and the United States, Greenfield, Camaioni, Ercolani, Weiss, Lauber, and Perucchini (1994) noted that computer games rarely provide instructions.  When instructions are present they are usually ignored.  Players tend to discover game rules by induction, hence the researchers reasoned that playing such games should improve inductive reasoning.  Players improved on an induction test after two and half hours of assignment to games; the greatest improvement occurred for those in the low inductive condition, i.e., those who received instructions (video and slide show demonstration with verbal instructions) before game playing.  For novices the most gain was attained from a condition requiring even less induction.  Results suggested that pre-posttest gain was mediated by improvement in understanding iconic codes used to display scientific and technical information from schematic animated computer graphics (use of such codes increased for all groups) on both the test and game.

Dividing visual attention, or the skill of keeping track of a lot of different things at the same time, is another skill incorporated in playing some computer and video games. Greenfield, deWinstanley, Kilpatrick, and Kaye (1994) studied the effect of video games on strategies for dividing visual attention among college students.  Divided attention was measured by response times to two events of varying probabilities at two locations on a computer screen.  Participants who were expert computer game players had faster response times than novices.  Playing action games also improved strategies for keeping track of events at multiple locations.  In general, the study showed that more skilled video game players had better developed attention skills than less skilled players.  Yuji (1996) found faster reaction times, and better discrimination on some stimuli, for frequent kindergarten game players compared to less frequent players

Sims and Mayer (2002) found, in two experiments, that skilled Tetris players outperformed less skilled players only on mental rotation tasks using stimuli that were the same or very similar to shapes used in the game.  Chen and O’Neil (2005) found that playing a computer game improved problem solving strategies, determined by questionnaire, and that the improvement increased from a first to a second game playing session.  They also noted that the knowledge maps of participants had only four per cent of the elements found in the maps of experts, indicating that after only two sessions participants still had to learn a great deal about the game.  
Game: Player Communication

It might be argued that setting physical and cognitive processes aside and varying the social dimension in Barnett and Ceci’s (2002) transfer dimensions might produce more transfer.  For example, communication between the game and users might be varied from first person (“you”) to the more abstract third person.  If that were the case, some of the expense, time, and effort required to make games more like the tasks targeted by instruction might be avoided simply by using first person rather than third person in these communications.

Moreno and Mayer (2000) found that participants in a game-like multimedia science program who were addressed in the first and second person learned more and had higher transfer scores than those using third person references on the same materials.  The questions used in the transfer setting resembled game activities although they were not specifically covered in the game. Also, Moreno and Mayer (2004) found that students who were addressed informally in the first person while playing a computer game dealing with plants, showed higher retention and higher performance on a transfer task than students addressed in a more formal mode.  Participants addressed informally also rated the program as friendlier, less difficult, more helpful, and as having a higher sense of physical and social presence.  In contrast, participants immersed in a virtual environment by wearing a head mounted display intended to provide “a sense of actually being within the game environment” (p. 166), showed significantly lower retention and lower, though not-significantly so, transfer. Moreno and Mayer suggested that the virtual environment might have distracted players from its academic content.

Near Transfer

Because of the greater cognitive and physical similarities in near transfer contexts, we might expect to find greater transfer.  For instance, Din and Calao (2001) found that a group of kindergarten children using the Lightspan Sony PlayStation and CDs improved their spelling and reading scores on a standardized achievement test compared to others not using the equipment.  The material on the stations contained “games related to the learning content of kindergarten students" (p. 98), presumably qualifying as near transfer.  Students played 40-minute sessions, five days a week and also played at home with their parents for a minimum of 30 minutes every evening.

Fengfeng (2007, p. 9) used a sample of 487 students to compare “a series of web-based games developed ….in one of the sampled school districts” with traditional paper-and-pencil drills in mathematics.  She found no differences on a standards-based mathematics examination, presumably a near transfer measure, though the game group had more positive attitudes towards learning in mathematics than the drill group.  Wolfe (1997) reviewed use of games in business to teach strategic management skills and found computer-based games to be superior to case based learning approaches.  Hays (2005) noted that blending games with more common instructional approaches is feasible and suggested further research on such hybrids.

Ricci, Salas, and Cannon-Bowers (1996) compared gaming, test, and text groups and found that the gaming group was more interested in the task than the others.  They also found that the gaming and test groups had higher posttest scores than the text group but did not differ from one another.  The gaming condition was very similar to a test situation except that the former used computers and awarded points for correct answers.   Finally, the gaming group had higher retention (pretest compared to delayed posttest) than the text group.  Again, provision of a story line, one of the defining characteristic of games, may have aided formation of associations that in turn aided retention.

Laffey, Espinosa, Moore, and Lodree (2003) used a number of commercially available math games with pre-Kindergarten, Kindergarten, and first graders.  Children exposed to the games gained more on a math posttest, although those judged to be at risk learned less than others.  These findings may be confounded since the children exposed to games received more math instruction that the others.  However, if games are inherently motivating, another of their defining characteristics, we might expect students to spend more time on learning tasks in games almost as a matter of course.

Virvou, Katsionis, and Manos (2005) studied tutoring systems in geography that did and did not use a computer game and found that the game reduced posttest errors. They also found an interaction showing that students with the poorest performance before the introduction of the game gained most.  It was suggested that the instructional support (advice and suggestions) incorporated in the game contributed to its effectiveness, while similar support for non-game tutoring contributed to a lesser degree. 

Whitehill and McDonald (1993) compared the effects of drill and practice with a game format on content dealing with circuit repair.  The drill consisted of presenting the circuit problems one at a time and the game asked students to assume the role of an electrician repairing the circuits.  No performance differences between students in either of the conditions were reported though combining the game with variable payoffs increased learner persistence.  Parchman, Ellis, Christinaz, and Vogel (2000) compared a game to conventional classroom instruction, computer-based drill and practice, enhanced computer-based instruction (adding compelling graphics, animations, and simulations) to drill and practice without technology.  The instructional domain consisted of basic electricity and electronics fundamentals taught to novice electronic technicians.  Learning in the computer based drill and practice and the enhanced computer based instruction was greater than in the game condition.

Lee, Plas, and Homer (2006) found that students showed higher comprehension (posttest alpha reliability=.62) and higher transfer (alpha reliability=.53)  from low complexity simulations that presented content in two related screens rather than one, which presumably reduced load requirements on working memory.  Surprisingly, the load reductions were found to be especially beneficial for students with high prior levels of general science knowledge.  Presumably the effort required by students with limited prior science knowledge to co-ordinate the two screens offset the reduction of load by the second screen presentation.  The authors found that use of icons, compared to symbols, using sliders that were near, compared to far away, from the content manipulated and displaying all measures that students had taken (rather than only the most recent ones) had substantial effects in improving learning.  Finally, students with limited general science knowledge had higher comprehension and transfer scores when both icons and symbols were displayed, compared to symbols displayed alone.   

Summary and Research Suggestions

Transfer (again).  The findings discussed above suggest that both near and far transfer may be expected if the cognitive processes engaged by the game and the external task overlap.  Surprisingly, the near transfer studies are somewhat more equivocal than those of far transfer. A number of studies also reported improvement in cognitive processes related to the demands of the game.  In both the cognitive processes and the near transfer studies the underlying cognitive task requirements appear to be very similar, making it difficult to understand the more equivocal results of the near transfer studies.  Research is needed to assess more precisely the cognitive processes engaged in games and external tasks and the mechanisms they use in order to understand the differences in the results between the studies in these two areas.

One of the traditional findings in the transfer literature (Mestre, 2005) has been that stimulus similarity between tasks tends to promote transfer. One suggestion for needed research is to investigate the effects of both physical similarity and similarity in cognitive demands required by games and external tasks on both near and far transfer.  A 2 (physical similarity-cognitive demands similarity) x 2 (Games/External tasks) X 2  (far/near transfer) study would be informative about what the essential variables are leading to findings of transfer.


Time.  An interesting issue deals with the tradeoff between time spent playing games and learning from them. Many studies report that students spend a great deal of time playing computer games. For example, Betz (1995-1996) reported that participants spent more time on a simulation than on a comparison reading task. Similarly Laffey et al. (2003) reported that students in game conditions received more instruction than did non-gaming controls.  Furthermore, in a sample of only three ADHD students, Ota and DuPaul (2002) found that game-like math computer software and increased engaged time and math performance while decreasing off task behaviors. 

Research reports indicate that individuals spend a considerable amount of time playing computer games.  For example, the Federation of American Scientists (2006) indicated that 50% of all Americans and 75% of American heads of household play computer and video games, in addition to students aged 8-18 who spend an average of 50 minutes per day on games.  They estimate that the average adult male spends 7.6 hours per week playing video games, and the average adult female spends 7.4 hours per week.  The Entertainment Software Association (ESA, 2006) represents the computer and video game industry in the United States and reports that of all game players, 38 percent are females, and they play an average of 7.4 hours a week, compared to 7.2 hours a week for males, corresponding nicely with the figures reported by the Federation. 

These findings suggest that one instructional benefit of computer games may be to induce students to be more persistent than they would be in some other activity designed to promote learning of the same material.  In short, games may motivate students to spend more time on task.  Data regarding time spent on games are needed to clarify whether persistence is one of the mechanisms accounting for the learning from games.  Some time ago, Fisher and Berliner (1985) found that engaged time by students was an important predictor of learning.  It would be important to determine whether that extends to games as well.  Researchers on computer games need to collect accurate data on the amount of time students spend in game and non-game contexts, in and out of class, in order to determine whether time alone can account for learning from games as it has in computer-assisted instruction (Suppes, Fletcher, & Zanotti, 1976).  

Further, games may need to sacrifice instructional efficiency in favor of entertainment, but that may not matter because of the willingness of students to persist in playing them.  This possibility suggests a trade-off between instructional efficiency (rate of progress toward instructional goals) and the motivating quality of games.  Research might be undertaken to determine good, if not optimal, trade-offs of this sort.

Alternatively, research could be designed in which students in one condition are assigned similar amounts of time in a game and comparable instructional contexts, while those in another condition can freely choose as much time as they wish in both tasks.  We would expect no learning differences between games and comparable instructional contexts in the fixed time condition, but in the free condition, students are expected to spend more time on games than on the task and, therefore, learn more. 


Story Lines and Retention.  If we accept the notion that narrative, or story-lines, are defining characteristics of games, which, for instance, distinguish them from simulations (Tobias & Fletcher, 2007), and if we accept the empirical findings suggesting that “connectiveness” or association aids retention (Wisher, Sabol, & Ellis, 1999), we might then expect games to enhance retention regularly and reliably.  Research intended to investigate this possibility directly seems called for – especially if we aim to enhance students’ lives beyond their achievement of higher scores on end of instruction tests.  Retention could be a major advantage in the use of games for instruction.


Blended Learning.  Games are not incompatible, at least in practice, with existing classroom practices.  Hays’ (2005) made a useful suggestion that hybrid approaches blending games with other instructional approaches should be investigated.  Research to determine what instructional approaches are best complemented by games and the optimal mixes of games with these other approaches may be well worth pursuing.  To some extent, blended approaches may be inevitable and occurring naturally since students seem likely to use games outside of schools whether they are instructionally prescribed or not.


Cognitive Outcomes.  It would be useful to have effective procedures for identifying and assessing the basic cognitive processes engage by both games and the external tasks to which they are expected to transfer.  Such identification may be facilitated by cognitive task analyses (e.g., Jonassen, Tessmer, & Hannum, 1998; Crandall, Klein, & Hoffman, 2006).  If we know the basic cognitive capabilities engaged by games we could assign students with known difficulties on these processes to games that they might play in and outside of school presumably leading to improvements in the targeted processes engaged by different curriculum subjects.  Further, such assessments would allow us to better understand cognitive outcomes from playing off-the-shelf games.  
Final Word

Other research suggestions might well occur to the reader.  One purpose of our continuing survey is to promote more empirical investigation of games.  We have attempted to do that by casting them in the context of near and far transfer.  Again, other, more heuristic contexts may occur to the reader.  


In any case, computer games appear to be here to stay.  The challenges and opportunities their instructional use presents to educational (and training) research communities are quite real.  In this case, however, the opportunities may be appreciably greater than the challenges.  As is usual for researchers, we have called for more research.  Having identified some candidate issues from already available findings on the instructional use and value of games, we can only hope to see more of it.  It seems likely that our “customers” -- students, teachers, instructional developers, administrators, and other educational decision makers – as well as researchers have much to gain from it in advancing both the art and practice of instruction.
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