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Abstract

:

Videogame research needs to identify how game features impact learning outcomes. This study explored the impact of the game feature–human interaction on training outcomes (i.e., affective states and declarative knowledge), and examined possible mechanisms (i.e., perceived value and active learning) that mediate this relationship. Participants included 385 undergraduate students: 122 trained alone and 263 trained with a team. All participants completed a computer-based training with four learning objectives (i.e., accessing the game, using the main controls, playing the game scenarios, knowing the game stations) prior to playing the game. After accounting for the indirect effects in the model, human interaction (i.e., playing with a team) had a significant direct effect on affective states, but not declarative knowledge. Learners who trained with a team reported greater positive affective states (indicated by psychological meaning, perceived enjoyment, motivation, and emotional engagement), but no difference in declarative knowledge (i.e., participants knowledge of team roles and responsibilities). Further analyses showed game-based training with a team impacted the affective states of learners through mechanisms of perceived value and active learning, while only active learning mediated the relationship between human interaction and declarative knowledge.






Keywords:


videogame-based learning; human interaction; affective states; declarative knowledge; teams












1. Introduction


A videogame is a virtually constructed environment, with rules and goals that challenge the player while engaging their attention with a series of decisions [1,2,3]. Videogame environments are well-suited for teaching because they provide a high degree of control over the features and characteristics of the game. This flexibility is beneficial to organizations because game scenarios can be easily adapted to different needs [4,5]. Recent years have seen a rise in the application of videogames for purposes other than entertainment [6]. Sources have projected continued growth in the development and application of videogames for novel purposes, such as being used in the classroom to teach elementary school children, in interactive displays for museum exhibits, and within organizations to train and develop employees [7]. Despite the increasing use of videogames for training purposes, the research evidence used to justify the investment in and implementation of videogame-based learning is limited [4]. Research on videogame-based learning has found evidence that both supports and discredits the claim that videogames enhance learning outcomes [8,9]. The primary purpose of this study is to present and test an alternative methodology for videogame-based learning that could help explain previous contradictory findings and clarify future research results. This proposed methodology is an extension of a model of videogame-based learning [10] that isolates game characteristics and identifies specific mechanisms through which different training outcomes are affected. In this current study, one game characteristic (i.e., human interaction) will be evaluated to determine the direct effects on two types of training criteria (i.e., affective states and declarative knowledge), and to test two indirect effects (i.e., perceived value and active learning).



1.1. Human Interaction


Some researchers have posited that videogame features lead to different outcomes, which may help understand how the results of a particular game relate to the larger body of research on game-based learning. Using the taxonomy of game attributes presented by [11], this study focuses on human interaction—the degree of interaction an individual has with someone else while playing the game [11]. Any of the videogame characteristics might affect learning outcomes, while human interaction presents a simple and feasible intervention that organizations could easily manipulate within existing programs and could easily incorporate into future training programs. While individuals can interact with others in a variety of ways, a common way is as members of the same team. There are specific methods inherent to team work that make this process distinct from work performed by an individual [12]. This is because teams coordinate their efforts in various ways to divide up the workload, catering to individuals’ strengths and preferences on tasks. To study the effects of human interaction, individual learning will be compared to team learning (i.e., those who complete the videogame training alone compared to those who complete the training within a team).



There have been a handful of studies that directly compare individuals who played with a team to individuals who played alone in a training setting [13,14,15,16,17]. A similar stream of research has reported on the positive impact that teamwork can have on individual outcomes [18,19]. A general trend in these studies has been that those training in a team have demonstrated greater learning outcomes than those who trained individually [13]. Previous research has shown that positive team interactions lead to beneficial team processes, such as knowledge sharing [20], transactive memory e.g., [21], and information elaboration [22], which can be beneficial for learning [23]. The potential impact human interaction will have on different training outcomes will be explored, along with the likely mechanisms whereby these relationships are mediated.




1.2. Affective States


Affective states represent the temporary state that trainees experience as part of this particular videogame-based training activity. These will measure attitudes specific to the training, but not an attitude change that would persist long after the training. Other training researchers have presented similar approaches, such as Ford and colleagues [24], who measured goal orientation and self-efficacy as mediating states following a training intervention. This direction reflects the transition that the team training literature has made in moving away from the traditional IPO model towards a nuanced model of emergent states that teams experience during interactions [25]. For the current study, four affective states will be examined and discussed below.



1.2.1. Psychological Meaning


Psychological meaning is defined as an individual’s positive evaluation of their experience in the videogame-based training activity, based on their value system [26]. Psychological meaning benefits training via an association with increased motivation [26]. It is anticipated that individuals who train with a team will report greater perceptions of meaningfulness from the training. This is based on previous research findings that working with others in a game can improve the meaningfulness of the content being taught [27].




1.2.2. Perceived Enjoyment


Perceived enjoyment is defined as satisfaction with the training related to attaining personal needs or expectations in the training [28]. Previous research has shown that when grouped with a virtual team, individuals reported higher levels of enjoyment [4]. It is anticipated that participants who are placed within a team will report significantly higher levels of enjoyment from the training.




1.2.3. Emotional Engagement


Emotional engagement is the level of emotional arousal experienced during the training [29]. Previous research has shown that individuals experienced more engagement through their participation with a team [4]. It is believed that individuals who train with a team will feel more emotional engagement in the training.




1.2.4. Motivation


A common claim is that games are inherently motivating, and they involve trainees in the content and gameplay [30]. Further, other researchers have shown that interaction with others during a game was motivating for the player [27]. This increased motivation has been shown to relate to other positive outcomes [31,32,33,34]. Based on these findings, it is believed that human interaction will lead to increased levels of motivation.





1.3. Affective States as a Latent Construct


The variables above describe positive affective states, indicating a positive evaluation of their experience during the videogame. Some researchers have argued in favor of measuring discrete dimensions of affective measures [35,36], and there is evidence that affective measures are positively and significantly correlated [37,38]. Other researchers have grouped affective measures together with evidence they load onto the same factor [15]. Based on this evidence that affective measures tend to be positively correlated with one another, the current measures of affective states will be treated as indicators of a broader latent variable, provided they load together.



Hypothesis 1:

Training with a team will result in significantly higher positive affective states.






1.4. Declarative Knowledge


Declarative knowledge is the factual information an individual is able to retain and recall from the videogame-based training [39,40]. While some studies have shown that individuals demonstrate superior performance when compared to individuals trained as a team [41], other researchers have found that interactions with other players during a game create a beneficial environment in which players can guide, explain or clarify things that are misunderstood in the game [42]. Researchers who posit that human interactions aid learning often cite claims that human interaction aids in the learning process through increased access to resources and input from others [43]. This is consistent with the Online Knowledge Sharing Model (OKSM), which proposes that individual learning in an online context occurs through online knowledge sharing, which encompasses complex behaviors beyond meeting and discussing the content [43,44,45,46]. This theory states that individuals develop a detailed understanding of the content and its implications through additional interactions, such as observing and mimicking others [47].



Teams can engage in transactive memory, in which the coordination between team members allows them to fill in the knowledge or skill gaps of other team members [12,21]. When teams coordinate their efforts in an effective way, this can positively affect their efficiency, quality of work, and organizational level outcomes, such as profits and board evaluations [12,48]. Researchers have aggregated research evidence to demonstrate that team-based training is effective for numerous positive outcomes, including cognitive outcomes, affective outcomes, teamwork processes and performance outcomes [49]. In review, the majority of previous studies have found that human interaction will have a positive impact on learning outcomes [50,51]. Based on these findings, it is predicted that human interaction will promote learning and training performance during the videogame-based training simulation. Learning and training performance are operationalized as declarative knowledge. Based on prior findings, it is hypothesized that those trained with a team will have significantly higher levels of knowledge than those trained individually. It is anticipated that affective states and declarative knowledge will be moderately correlated with one another.



Hypothesis 2:

Training with a team will result in significantly higher declarative knowledge.






1.5. Training Processes


One purpose of the current study is to provide evidence on the processes that occur during the training experience [52]. Some researchers have begun to explore possible mediating relationships when evaluating performance in a game as the process through which affective reactions are experienced [53]. The current study will explore several possible indirect effects related to the relationships between human interaction and two training outcomes (i.e., affective states and declarative knowledge).



Although there has been some support for the direct relationship between videogames and affective states such as motivation [54,55,56], there is little empirical evidence to show indirect relationships between game characteristics and learning outcomes [57]. As discussed above, there is a gap in the research on the exploration of the mechanisms through which game-based learning is experienced. Other researchers have called for more research examining complex relationships between games and learning outcomes [57,58].



Some researchers have described the gaming experience as unique to each individual. There is a consistent belief that a positive user experience in the game is associated with positive outcomes such as enjoyment and motivation [1,59,60]. Previous research has shown that interaction with others while playing a serious game can have a positive impact on different game outcomes [31]. This is likely due in part to various mechanisms that trainees experience during the training process [61,62]. Many researchers have theorized mediating relationships, but few have empirically tested these assertions. As part of this study, several potential processes will be tested to understand which mechanisms mediate the relationship between videogame characteristics and training outcomes.



1.5.1. Perceived Value


Perceived value is the extent to which participants believe the training has instrumental value and would be useful in some way [63]. It is believed that human interaction will lead to increased levels of perceived value, which will in turn improve the participant’s affective states. The first part of this relationship, whereby human interaction will improve perceived learning, is supported by previous research that has shown teams were more likely to perceive information as valuable when made aware of its uses [64]. In general, the more time there is to interact with a team in training, the more they will have opportunities to learn the various uses of the information gained. It is predicted that these interactions with a team will lead to increased perceptions regarding the value of the training content, as those individuals will share their knowledge with their teammates during the activity in order to be successful. To support the second part of this predicted relationship, whereby perceived value will improve affective states, previous research has further shown that demonstrating the instrumental value of an activity to a participant will improve their affective impressions of that activity, which can in turn improve learning [32,65,66]. Based on these findings, it is believed that human interaction will lead to increased levels of perceived value, which will in turn be associated with improved affective states and declarative knowledge.



Hypothesis 3a:

Training with a team will lead to increased affective states through an increase in perceived value.





Hypothesis 3b:

Training with a team will lead to increased declarative knowledge through an increase in perceived value.






1.5.2. Active Learning


Active learning is defined as the active attention an individual gave to the videogame-based training activity, including effort exerted in thinking about or interacting with the components of the videogame [67,68,69]. Evaluating active learning in a videogame-based learning context is valuable given that games are believed to inherently promote interest and draw attention [52,70], which are primary components of active learning. It is being argued that human interaction will promote active learning, which will in turn be associated with higher levels of declarative knowledge. Previous research has demonstrated that team interactions can lead to both active participation and improved performance [71,72,73,74]. However, the relationships between these variables will be further examined to determine if active learning is a mechanism through which human interaction improves learning.



The first part of this proposed indirect effect is that interactions within a team will lead to active learning. This has been supported by previous studies that have demonstrated that working with a team promotes active learning by holding one another accountable for paying attention to the tasks [32,75,76]. Team members are often motivated to encourage team participation, particularly in interdependent tasks when their own success is dependent on the actions and behaviors of their fellow teammates. The second part of this proposed indirect effect is that active learning will enhance learning. Previous research supports this assertion that active learning has a positive association with learning outcomes [24,68]. It is predicted that participants who complete the activity as part of a team will demonstrate significantly higher levels of active learning, which will in turn be associated with higher levels of affective states and declarative knowledge compared with individuals who completed the activity alone.



Hypothesis 4a:

Training with a videogame will lead to increased affective states through an increase in active learning.





Hypothesis 4b:

Training with a videogame will lead to increased declarative knowledge through an increase in active learning.








2. Materials and Methods


2.1. Power Analysis


A power analysis was conducted using pilot data from a study of 513 participants with similar yet different construct measures. A single-structure equation model was used to test the proposed hypotheses in Mplus 7.4 [77]. The results demonstrate sufficient power to test the study hypotheses (i.e., H1 and H2 need 100 participants for 90% power; H3 and H4 need 200 participants for 80% power). However, it is important to consider that the pilot sample was from a single study and the current findings may differ.




2.2. Participants


The participants were 389 undergraduate students from a university in the western United States. Participation was voluntary in exchange for class credit. Four participant responses were removed due to incomplete data from technical errors. A final sample of 385 participants remained. All participants were randomly assigned to one of two conditions: 122 individuals completed the training alone, while 263 participants completed the training with a team.




2.3. Procedure


Upon arrival, participants reviewed an online consent form and agreed to participate in the study. Participants completed a self-paced computer-based training (CBT), which covered the skills and knowledge needed to undertake the videogame-based training. Participants completed survey 1, which was comprised of demographic questions, a measure for videogame experience, and a pretest of declarative knowledge. Participants were randomly assigned to complete the videogame-based training either alone (i.e., low human interaction) or with a team (i.e., high human interaction). Participants spent 20 min in training, which was recorded, capturing audio and video activity. Participants then completed survey 2, which consisted of a declarative knowledge posttest and the remaining measures described below. Participants were debriefed with a four-minute video describing the purpose of the study before being dismissed, which has been shown to promote learning [78,79]. The experiment took 60 min to complete.




2.4. Computer-Based Training


The computer-based training (CBT) program was developed using Captivate software. The design followed guidelines from [80]. For development, subject matter experts (SMEs; i.e., those with tens of hours of experience playing the videogame-based training) met and discussed the major goals and objectives in the videogame. The SMEs discussed the knowledge needed to execute the tasks of the game. This discussion produced a list of learning objectives. Content was generated to teach the learning objectives. Below is a segment of the script from the CBT where the learning objectives were reviewed at the beginning of the training. This CBT provided closed captioning for all narration.



“Here is a quick preview of the four topics we will cover in this training. These objectives include: Accessing the Game—Participants will be able to locate and join the ship without assistance. Using the Main Controls-Participants can demonstrate knowledge of main controls and can navigate the main controls screen. Playing the Game Scenarios—Participants will understand the scenarios of the game and the rules and goals for playing. Knowing the Ship Stations—Participants know the purpose and abilities for the different stations of the ship and how to effectively play each station. Our overall goal is to go through some basic information that will help you understand the aspects of the game better and to provide you with strategies that will help you perform better in the game.”




2.5. Team Size


All teams were composed of three individuals. When a third participant was not available, a trained research assistant acted as a confederate to ensure a full number of participants were in each team of three. Although some researchers have defined teams as groups involving two or more individuals [81], others argue that there is a distinction between dyads and teams of three or more [82]. Thus, it was decided that only teams of exactly three would be used to avoid having team size as a possible confounding variable in the study. The analyses reported in the Results section were repeated using only data from the teams with three participants, and no confederates. These analyses did not change the outcome of the results, demonstrating that there was no significant change having used confederates for a portion of the data.




2.6. Videogame-Based Training


The videogame-based training was a science fiction videogame named Quintet [83], in which players assumed the role of crew members aboard a spaceship and carried out different missions. The game required players to learn the different roles available on the ship (i.e., Captain, Helm, Tactical, Engineer, Scientist) and to manage the tasks in each role to meet the different mission objectives (e.g., aid an ally ship in distress, escort a cargo ship transporting materials). Participants scored points for meeting the mission objectives. When played as a team, the game connected team members virtually to communicate and work together, and team members took on different roles. When played individually, the participant switched between roles to complete the different tasks in the game. Researchers followed a script when running the experiment to ensure consistency across iterations of the study.



There are features of this game that make it a particularly useful potential tool for educators. Because this game is freely available online, the tool becomes an easily accessed resource for educators. Additionally, the game sets up an immersive open world in which students can become immersed and engaged. There are also characteristics of the game that make it a likely beneficial experience for students. In particular, this game can serve as a communication-building exercise that promotes teamwork and interpersonal communication. This would be particularly useful in courses that include group projects or other interpersonal skill development. The reason this game lends itself well to this content is because the roles of the ship are highly interdependent. Although players could try to play independently, they could not make much progress in the game without discussing and coordinating their actions. For example, while the Helm can control the ship, they cannot use the navigating maps that only the Captain has access to, and while the Captain sees the changing mission objectives, the other crewmates do not know this unless the information is verbally shared. Further, unless the Scientist identifies a type of matter and scans for that material, the scan results will not show up on the maps and cannot be targeted by the Helm. After a few minutes of gameplay, it becomes clear that game progress depends on team members sharing information and coordinating their actions. Students playing the game will benefit from learning how to communicate their experience in the game and coordinate their actions with others in ways that lead to effective outcomes.




2.7. Declarative Knowledge Assessments


Declarative knowledge was measured using a 14-item pretest in survey 1 (difficulty M = 0.63) and a 26-item posttest in survey 2 (difficulty M = 0.67). Because assessment questions tap different objectives, they are heterogeneous domains, and internal consistency is not relevant [84]. Research-based principles from [85,86] were followed to construct the pretest and posttest assessments. Six SMEs generated a pool of 123 multiple-choice items with four response options and one correct answer. Items were removed due to redundancy or item quality. The remaining 113 items were pilot tested with a sample of 28 undergraduate student volunteers who completed the CBT and test in exchange for class credit. Items were reviewed for difficulty, quality of distractors, and relationship to the overall exam score (i.e., point–biserial correlation). Based on these analyses, 48 items were retained and pilot tested with 174 undergraduates. The final list of 38 items demonstrated reasonable difficulty (0.30–0.90) and discrimination (point-biserial r > 0.25). At least two items were retained from each learning objective to ensure content coverage.



The Internal Referencing Strategy (IRS) was proposed by Haccoun and colleagues [87]. This method was employed to explore possible threats to the internal validity of this design [88,89,90]. The IRS was designed to improve the accuracy of estimating gains in participant knowledge by identifying the degree of change in knowledge for items not expected to change from the training intervention. These content-irrelevant items were included on both assessments and were expected to not change, or change very little between the pretest and posttest. According to this strategy, changes in content-irrelevant items between the pretest and posttest can offer another explanation for score differences, such as the practice effect [87].



For this particular study, team-based processes gave the factual information that participants needed to learn and then be tested on after the training. During game play, individuals had to take on different roles. Teams who played as individuals, and who did not communicate or collaborate during the game, may have learned their role, but would not learn the functions or shared tasks that collaborative teams would learn. For example, the Captain can see and read the current mission objectives but must communicate those objectives with the team, so that certain actions can be coordinated and executed by the team to meet the objective. If the current mission said to locate a nearby planet with a large composition of a certain mineral, the Helm would need to fly the ship within range of a planet, and the Scientist would need to select that planet, choose what was being scanned for and start the scan. The questions on the declarative knowledge assessment would ask questions such as “Which role on the ship has the ability to scan for certain components?”, which only the scientist can do. The other roles would only know the scientist could do this if they had discussed the mission and coordinated their actions. Thus, individuals who scored higher on the declarative knowledge assessment demonstrated higher levels of knowledge on the team’s roles and responsibilities, which indicated teams who had coordinated their actions better.




2.8. Measures


All scales, excluding demographics, used a 5-point Likert type scale—1 = Strongly Disagree to 5 = Strongly Agree. Phrasing modifications were made to several items to reflect a videogame context rather than work or school. Demographic measures included age, sex, and ethnicity. The measures used in this study are provided in the Supplemental Materials.



2.8.1. Videogame Experience


Videogame experience is the amount of expertise a participant has developed through playing videogames, and the amount of time they have spent doing so. This was measured using a shortened 6-item scale based on the Video Game Pursuit scale developed by [91]. The data produced a reliability of a = 0.94.




2.8.2. Psychological Meaning


Psychological meaning is defined as the participant’s evaluation of the videogame experience as it relates to their personal value system [26]. This six-item measure was taken from [26]. The reliability was a = 0.88.




2.8.3. Perceived Enjoyment


Perceived enjoyment is defined as the level of satisfaction a participant experienced during the videogame [63]. This three-item scale was taken from [92]. The reliability was a = 0.94.




2.8.4. Motivation


Motivation is defined as the extent to which the participant felt interested in the videogame and would be interested in playing the videogame again in the future. The six-item scale was adapted from the attention subscale in the Instructional Materials Motivation Survey [93]. Six items from the original scale were not applicable to this study and were dropped. The reliability was a = 0.84.




2.8.5. Emotional Engagement


Emotional engagement is defined as the emotional connection the participant felt to the videogame-based training activity they were in [29]. The six-item scale was taken from the emotional subscale of the Job Engagement measure from Rich et al. [29]. Reliability using the study data was a = 0.93.




2.8.6. Perceived Value


Perceived value is the extent to which the participant felt the activities in the videogame-based training were useful and had instrumental value [63]. This six-item scale was adapted from the relevance subscale in the Instructional Materials Motivation Survey [93]. Three items from the original scale were not applicable to the current study and were dropped. The reliability of the scale in this study was a = 0.78.




2.8.7. Active Learning


Active learning is the active attention and involvement devoted to the learning process during the videogame-based training activity [94]. This was measured using the three-item active learning subscale from the Distance Education Learning Environments Survey (DELES) [94]. Reliability for these data was a = 0.83.






3. Results


Participants (n = 385) in the final sample were 51% female and 73% Caucasian, with an average age of 19 years old (SD = 2). A summary of study means, standard deviations, and correlations is provided in Table 1.



3.1. Declarative Knowledge Assessment


Using the Internal Referencing Strategy [87,95], there was no significant difference (F1, 769 = 0.12, p = 0.73, R2 < 0.001) between the content-irrelevant items from the pretest (M = 0.22, SD = 0.22) to the posttest (M = 0.22, SD = 0.20). The responses at both time points reflected scores comparable to an individual guess on each item (close to 25% correct). These results also show that playing in the videogame-based training did not improve declarative knowledge outcomes beyond the level of knowledge demonstrated by participants after completing the CBT and the pretest. There was no significant difference (F1, 769 = 1.59, p = 0.21, R2 < 0.002) from the pretest (M = 0.63, SD = 0.21) to the posttest (M = 0.62, SD = 0.17) on content-relevant items, meaning no significant improvement occurred in declarative knowledge between the pretest and the posttest assessments. This lack of change between pretest and posttest scores may be attributed to a number of factors (e.g., effective CBT training, difficult posttest questions). This lack of change may contribute to an inability to see knowledge differences in the subsequent testing of the hypotheses.




3.2. Assumption of Independence


Participating as a team violated the assumption of independent observations. Intra-class correlations for each measure were examined (i.e., ICCs ranged from 0.02 to 0.19), which indicated inconsistency in the variation of responses within a given team. The data were clustered by teams, and we tested the final structural equation model with and without clustering. The outcomes did not change (i.e., results and fit were practically the same for clustered and un-clustered models). For simplicity, the results are reported without clustering.




3.3. Measurement Model


Analyses in MPlus 7.4 [77] used maximum likelihood estimation to estimate the model fit indices [95]. (Analyses applied overall model fit criteria recommended by Hu and Bentler [96]: Root Mean Square Error of Approximation (RMSEA), with a value <0.08 indicating adequate fit, and Standardized Root Mean Square Residual (SRMR), with a value <0.08 indicating good fit. The Comparative Fit Index (CFI) and the Tucker–Lewis Index (TLI) were also considered, and both indicated acceptable fit with a value >0.90. The Chi-Square test for model fit was reviewed with a non-significant estimate indicating good fit.) The measurement model tested whether items were loaded onto the factor they were intended to measure. To address concerns of poor fit, items were removed from the model that did not load well onto the scale factor (i.e., λ < 0.30) or that had large item discrepancies (i.e., residual correlations >0.15) with other items in the model [95,97]. Two items were removed from the measure of perceived value, one item from motivation, and one item from perceived enjoyment.



The factor scores for the four affective states all loaded onto a second-order factor are as follows: psychological meaning (λ = 0.86), perceived enjoyment (λ = 0.92), motivation (λ = 0.95) and emotional engagement (λ = 0.92). Each of these constructs similarly indicates a positive affective state regarding the participants’ experience in the game-based training. However, a model collapsing all four scales into a single common factor for affective states did not fit well, indicating that (as expected) they are related but distinguishable constructs. All remaining items loaded onto a single factor for each scale. The final measurement model demonstrated good fit (χ2 (1192) = 2461.44, p < 0.001, RMSEA = 0.05 (0.05, 0.06), p = 0.07; CFI = 0.92; TLI = 0.92; SRMR = 0.05).




3.4. Hypothesis Testing


Hypotheses 1–4 were tested in one structural equation model (SEM), controlling for videogame experience. This structural equation model demonstrated good fit—see Figure 1. The overall fit indices were within acceptable ranges (χ2 (1200) = 2556.71, p < 0.001, RMSEA = 0.05 (0.05, 0.06), p = 0.009; CFI = 0.92; TLI = 0.91; SRMR = 0.11). In this model, the two study outcomes (i.e., affective states and declarative knowledge) were not significantly correlated, r = −0.001, p = 0.78. Despite theoretical indication that these outcomes would be related, this was not the case after accounting for the other relationships in the model.



3.4.1. Direct Effects


Hypothesis 1 stated that individuals who completed the training with a team would experience significantly higher affective states than individuals who played alone. The results support this hypothesis. The total direct effect for human interaction influencing affective states was as follows: b = 0.17, SE = 0.07, p = 0.01, 95% CIs = 0.04, 0.30, β = 0.11. The direct effects were also evaluated in the full model, which also included the hypothesized mediation paths. The remaining direct effect is the effect after accounting for the other indirect effects in the model. The remaining direct effect was also significant, as reported in Table 2, indicating that the effect of human interaction on affective states was only partially mediated by the mediating variables proposed in the model.



Hypothesis 2 states that individuals who played with a team would demonstrate significantly greater levels of declarative knowledge than individuals who played alone. Our results do not support this hypothesis: the direct effect between human interaction and declarative knowledge was significant, but in the opposite direction from what was predicted (b = −0.01, SE = 0.01, p = 0.02, 95% CIs = −0.06, −0.006, β = −0.03); individuals demonstrated significantly higher declarative knowledge. When evaluated in the full model, the remaining direct effect was not significant, as shown in Table 2. This is the residual direct effect after accounting for the indirect effects in the model. This is interpreted to mean that human interaction (i.e., playing the videogame alone) had a small but significant direct effect on declarative knowledge until accounting for the indirect effects in the model. Once accounting for the mediating effects of the process variables, there is no significant direct effect of human interaction on declarative knowledge. The posttest declarative knowledge scores for individuals who played with a team (M = 0.67, SD = 0.17) were not statistically different from the scores for individuals who played alone (M = 0.67, SD = 0.20) when accounting for all the variables in the full model.




3.4.2. Indirect Effects


Hypotheses 3 and 4 predicted indirect effects for the relationship between human interaction and the two outcomes (i.e., affective states and declarative knowledge). The standardized estimates are provided for the structural equation model in Figure 1. The asymmetrical confidence intervals (ACIs) were assessed to ensure they did not contain zero, which is considered an indication of statistical significance for examining indirect effects. This method avoids the issue of lost statistical power when examining non-normal distributions as a product of the two regression slopes [98]. A 95% bias-corrected bootstrapped confidence interval was used, based on 1000 bootstrapped samples, and the Pm was examined as an indicator of effect size using Pm = (ab)/c, a ratio of indirect to total effect [99]. Larger values indicate a larger effect size. Due to limited studies applying the Pm value, standardized values indicating small, medium or large effects have not been established.



Hypotheses H3a and H3b predicted that perceived value would mediate the relationships of human interaction with affective states and declarative knowledge, respectively. The bias-corrected bootstrapped confidence intervals demonstrate that H3a was statistically significant (human interaction → perceived value → affective states, b = 0.14, SE = 0.05, 95% CIs = 0.05, 0.23 (Pm = 0.37, SE = 0.10, p < 0.001)), while H3b was not significant (i.e., human interaction → perceived value → declarative knowledge, b = 0.004, SE = 0.01, 95% CIs = −0.01, 0.01 (Pm = 0.34, SE = 0.64, ns)). Hypotheses H4a and H4b predicted that active learning would mediate the relationships of human interaction with affective states and declarative knowledge, respectively. The bias-corrected bootstrapped confidence intervals demonstrate that H4a was statistically significant (human interaction → active learning → affective states, b = −0.10, SE = 0.03, 95% CIs = −0.16, −0.04 (Pm = −0.25, SE = 0.10, p = 0.01)), while H4b was not supported (human interaction → active learning → declarative knowledge, b = −0.01, SE = 0.01, 95% CIs = −0.02, −0.002 (Pm = 2.00, SE = 5.56, p = 0.72)). This effect (Pm = 2.00) is not significant because the direct effect is close to 0, c = −0.02, making the valuable unreliable. Although there appears to be some evidence that playing the game alone will lead to higher active learning, which in turn will have a positive association with declarative knowledge, this effect appears to be negligible.



These findings overall demonstrate that human interaction has a direct impact on affective states, with participants who play the video game having a significantly more positive experience than individuals who play the game alone. However, there is no difference between teams and individuals when accounting for other variables in the model. The results also demonstrate that the processes through which human interaction influences affective states are different from the processes through which human interaction influences declarative knowledge. Together, these results indicate that both perceived value and active learning mediate the relationship between human interaction and affective states, with more human interaction leading to more positive affective states through perceived value, and less human interaction leading to more positive affective states through active learning. However, declarative knowledge was only impacted through active learning, which was a small effect. This provides valuable evidence for future researchers in supporting the assertion that thoughtful design needs to be considered regarding the intended outcomes of the training, as the mechanism in the game processes will affect training outcomes differently.






4. Discussion


The purpose of this paper was to explore the impact of human interaction in a videogame-based training tool on participant outcomes. It further sought to understand the possible mechanisms that mediate this relationship (i.e., between game characteristics and training outcomes). To accomplish this purpose, individuals who played the training videogame alone were compared with those who played the training videogame with a team. Measures of the training process (e.g., perceived value of the training) and outcomes (affective states and declarative knowledge) were gathered. The primary findings demonstrate that after accounting for the indirect effects in the model, human interaction had a significant direct effect on affective states, but not on declarative knowledge. Participants who trained as part of a team reported significantly greater levels of positive affective states (indicated by psychological meaning, perceived enjoyment, motivation and emotional engagement), but no significant difference in declarative knowledge. Further analyses show that game-based training with a team impacted the affective states of players through the mechanisms of perceived value and active learning. Additionally, active learning mediated the relationship between human interaction and declarative knowledge.



This study was developed in response to the mounting number of contradictory findings regarding the effectiveness of videogames as a learning tool. While some studies show that videogames are effective tools for promoting learning, e.g., [100], other studies have failed to find such effects [101]. Recent research has called for studies to examine the variables that lead to effective game-based learning [102]. Some researchers have stated that there is a need for specific studies that isolate game elements to determine their effects [103]. However, researchers have been calling for these studies since the mid-1980s, e.g., [104], leading some researchers to criticize the lack of progress that has been made in the field over the last three decades [105]. Given the amount of time and money invested in producing games for learning, it is apparent that a resolution to this contradictory research is needed.



It is important for game-based research to address these challenges by conducting high-quality studies that examine how game characteristics impact learning. The current study provided an expanded version of [10] game-based learning model and addressed current challenges in the research literature. Specifically, one game characteristic (i.e., human interaction) was isolated that has been proposed to influence training outcomes. Several potential variables (i.e., perceived value and active learning) were further tested as possible mechanisms through which game-based learning influences training outcomes. Finally, two training outcomes (i.e., affective states and declarative knowledge) were measured to observe differences between these outcomes. This is a valuable contribution to the research literature, given the ongoing debate regarding the effectiveness of using game-based learning as a tool to train individuals. This model followed a new approach to the research question, exploring the context in which game-based learning leads to improved training outcomes.



The current study indicated that game characteristics may influence training outcomes. The results show that human interaction significantly impacted affective states. Those who played the game with a team experienced significantly more positive affective states than individuals who played the game alone. This is consistent with previous research that has shown that many individuals prefer to work with a group over alone [106], and that working with a team can lead to positive affective outcomes [107]. This means that individuals will likely experience more positive affective outcomes from the training if they are allowed to interact with other individuals as they play the game. Thus, designing or selecting a game with a multiplayer option may be beneficial in applications in which the goal is to improve a player’s affective state. It is not clear whether other game characteristics can improve affective states; this warrants further exploration. Human interaction was found to have not had a direct effect on declarative knowledge after accounting for the indirect effects in the model. When examining the posttest scores, there was no significant difference between groups (i.e., if they played alone or with a team) as regards declarative knowledge.



4.1. Implications and Future Research


It is beneficial to re-examine the primary outcomes of the current study in order to understand major implications for future research. These results have valuable implications for future research in a number of ways, and indicate areas in which additional research is needed.



4.1.1. Impact of Game Characteristics


The results of this study demonstrate that game characteristics can have an impact on training outcomes. Because only one game characteristic (i.e., human interaction) was explored in the current study, more research is needed to clarify the effects of other game characteristics and their impacts on other training outcomes. However, it is still clear that game characteristics can impact training outcomes, and should be considered from a design perspective for future game-based learning tools. Examining other game characteristics could shed light on the complex relationships between game characteristics, mediating variables, and training outcomes, e.g., [74]. For example, the game characteristic assessment (characterized by the extent of feedback an individual receives during the training) could have a greater impact on mediating factors such as active learning and cognitive engagement, which could then lead to a greater effect on learning outcomes. By only examining one game characteristic (i.e., human interaction), the ability to find the relationships that were hypothesized may have been limited. Thus, another research opportunity is for other studies to systematically explore multiple game characteristics across studies, while tracking the characteristics and combinations of characteristics that produce the strongest effect. This would benefit researchers and practitioners by clarifying which characteristics they may choose to include in the design of a game, and what combinations would best match the unique goals of the training.



Since game characteristics can have an impact on training outcomes, it is concerning when researchers do not disclose sufficient information about a game for the game characteristics can be inferred. A primary benefit of disclosing detailed information about a game is that the effects of the game characteristics can be identified. Without considering the effects of the game characteristics, the findings from the study may be misattributed to other factors (e.g., condition assignment). Thus, future researchers should disclose information about the game in sufficient detail that the game characteristics can be identified.



Another beneficial practice would be describing the game characteristics using a common framework or taxonomy. Using a standardized framework to describe game characteristics would help future researchers understand and synthesize the results of game-based learning across studies. This would allow more accurate comparisons and interpretations to be made across studies, and would provide a clearer picture of the impact of game characteristics within the larger context of game-based learning. However, research synthesis and cumulative research (building on what others have found) is limited by poor descriptions or mischaracterizations of game characteristics by researchers or game manufacturers. Research would benefit from the disclosure of game characteristics using a standard framework, such as presenting a profile of game characteristics.



One primary benefit of expanding the literature on game characteristics is that research findings can lead to intentional game design decisions, such as using specific game characteristics or combinations of characteristics to meet training objectives. The goal of understanding game characteristics is that research findings can inform the future design and development of videogames used for learning. As scientific findings provide clear evidence about the game characteristics that lead to specific training outcomes, games can be customized by developers or chosen by clients specifically for the intended training outcomes. An example from the present study is that a game designed to include a multiplayer option would lend itself to a training intention of improved affective states. Previous research has demonstrated that specific training design can influence training outcomes [108], and it is advantageous to consider research findings during the development phase to inform the decisions made regarding a training program.




4.1.2. Human Interaction


In the current study, human interaction led to decreased levels of active learning. This is potentially due to the additional attention that team members paid to interacting with others when collaborating and coordinating their efforts. In this study, participants interacted only once for 20 min. It is possible that the initial interaction detracts from the attention paid to the learning process, but that later interactions may be different, once teams have had sufficient opportunity to develop collaborative relationships. This may indicate that teams need additional time in game-based training to interact and be effective, which is consistent with previous research that has shown that the benefits of teams may take time and multiple interactions to emerge [109]. Practitioners could design training with a multiplayer component to allow extra time for team interaction, to emphasize the importance of active learning, or to allow the team ample time to prepare before the game (e.g., preparing a strategy of working together).



Other social mechanisms could contribute to the differences observed between individuals and teams, such as diffusion of responsibility [110]. That is, participants playing with a team may not feel that they are responsible for learning all the components of the game if they have others who they can depend on to help them be successful during the game. Although participants were warned they would complete a test at the end of the study, they may still have experienced this diffusion when working with other team members. It would be valuable for future researchers to more closely observe the social interactions and experiences that teams are having in the game, and to explore how these interactions impact learning outcomes. Increasing awareness of the processes that occur during the game cycle and building in new features to the game may change the training process and improve training outcomes.




4.1.3. Mechanisms in the Game Cycle


Based on the game-based learning model [10], inputs are believed to impact training outcomes via various training processes in the game cycle. In previous research, these game cycle mechanisms have been considered a black box of training processes [111]. Other researchers have identified the need to examine variables that may exist in this black box of game cycle processes and that mediate or moderate the relationships between game characteristics and training outcomes [112]. However, there is little empirical research examining these mechanisms. Therefore, several mechanisms that were expected to exist in this game cycle were explored.



It was found that perceived value mediated the relationship between human interaction and affective states. This is consistent with previous research, which has shown that understanding the value of a training program has an important association with participants’ experience and the outcomes of the training [64]. In one previous study, researchers found that perceived value of the learning process led to increased levels of participant enjoyment [113]. It was also found that active learning is a mechanism through which human interaction impedes both affective states and declarative knowledge. Thus, my study was one of the first to identify specific game processes that are influenced by game characteristics.



Despite the complications in studying the game cycle, it is important to evaluate the user experience so as to understand the role it plays in affecting training outcomes [1]. The cycle of game elements leading to a unique user experience, which influences training outcomes, has been described as a feedback loop that can be designed to lead to beneficial states such as happiness, engagement, flow, and satisfaction [1,114,115]. Thus, it is important to understand the processes from a design perspective, in order to help optimize the user experience and the effectiveness of the training towards the intended outcomes. It would be valuable for game designers to intentionally build in opportunities to enhance the game cycle according to the intended goals of the training.



One critical next step for future research on game-based learning for workplace outcomes is for researchers to study the actual games that organizations are using to develop employee knowledge and skills. Empirical studies of games used in business environments rarely examine the games used by training practitioners. There may be a number of reasons for this. Understandably, concerns about sharing proprietary information or programs may limit a company’s willingness to share their training products for scientific exploration. However, it would benefit both practitioners and researchers to generate evidence on the effectiveness of game-based learning using the actual games used in organizations. At present, many researchers use games that are readily available (e.g., commercial games, entertainment-based games) as proxy measures for the training games used by organizations. There is a dearth of research studying the game-based tools that organizations are using today. In this study and other similar studies, the generalizability of the results is limited by the tools being used in the study. The present study used a game focused on building teams of individuals to coordinate their efforts on a ship in order to meet specific mission objectives. An immediate concern of this game is that participants will rarely see any real-world value in developing their skills in this game. Not only does the game lack face validity for real world application, but the skills the participants are developing (e.g., communication and knowledge sharing) are secondary skills, and not the primary focus of the game. Future studies could address this concern by studying games currently being used within workplace settings. This would allow more clear connections to be made between the research and the application of the results.




4.1.4. Links to Job Performance


Finally, future research should establish a clear link between game-based training and job performance. My study demonstrates that human interaction impacts affective states and declarative knowledge, but stops short of showing impacts on job performance. Prior research has demonstrated a positive correlation between declarative knowledge and transfer of training, but not as clearly between affective reactions and transfer of training [116]. There is some theoretical support for the statement that some positive affective states experienced in the training (e.g., motivation) can benefit the acquisition of declarative knowledge, which may increase the likelihood that transfer of training will occur [117]. However, there are many factors that affect transfer, such as workplace support, and opportunity to practice and apply the skill [117]. Considering the number of factors that can influence this outcome, it is important to gather direct transfer measures rather than relying on the relationship between transfer of training and other available measures. Thus, there is little that can be said regarding the generalizability of the current results to direct work-related outcomes, such as job performance. However, future researchers could design their studies to demonstrate these connections. Using a real-world sample of workers would strengthen this area of research and provide stronger evidence about the effectiveness of game-based learning for transfer of training and job performance. There are several benefits that would come with using a real-world sample. For example, student participants may be less motivated to pay attention and do their best in a lab experiment because there is little incentive for them to put forth effort in the study. In addition to this, workers have previous skills and experiences that could be applicable to the experiment, and could influence the results of the study in a meaningful way. Thus, these differences between a subject pool of students and a sample of workers could impact the results, and it is important to recognize that future studies using real-world samples may benefit from these differences and provide a more accurate indication of game-based learning in an organizational setting.



In a design that coordinated with an organization to use a game-based training with employees and then gathered job performance data for the employees, the impact that the training had on relevant work-related outcomes such as job performance could be clearly seen. Providing evidence about the implications of game-based training for job performance can help an organization better understand the return on investment for game-based learning. A major limitation of existing research in this area, and of the current study, is that implications for transfer of training and job performance are being inferred using proxy measures of learning (e.g., declarative knowledge). Being able to draw these connections directly could aid organizations in making decisions about investing in and developing future game-based learning programs. Thus, the current platform of using a lab-based experiment limits the generalizability of these results, as the measures and methodologies did not resemble the real-world context.





4.2. Limitations


There are several important factors to consider when interpreting the results of the current study. One concerns conclusions of causality. Because human interaction was manipulated, we can have some confidence in arguing for a causal effect between a game characteristic and outcome variables (i.e., affective states and declarative knowledge). However, because the mediating variables and outcome variables were measured simultaneously, causal inferences cannot be drawn for any mediating relationships. While the mediating and outcome variables were related in my study, there is not enough evidence to show that the mediators occurred prior to the training outcomes, or that these variables were the process through which human interaction affected the training outcomes. Ideally, future studies examining gameplay processes would measure potential mediators during the flow of the game. For example, the researchers could pause the game and measure the potential mechanisms, or utilize a think-aloud protocol to capture participants’ thoughts during the training. Another alternative could be a repeated-measures design, in which participants complete multiple iterations of the game and report on the process variables between these interactive periods. These methods would better align the measurement of the potential mediator with the time point in which it operates, and strengthen the inference that the mediators have a causal impact on the training outcomes.



Further, as noted above, although the paths from the mediating variables to the outcomes were generally significant and in the predicted direction, the paths from human interaction to the mediating variables were weak. It may be that the human interaction manipulation was not robust enough to create the expected main effects. Specifically, the differences between the experiences of those who played alone and those who played with a group may have been too similar. The experiment could have been redesigned to allow multiple iterations of the game. With several phases of team interaction, the distinctions between the individual and the team group may have been clearer and had a stronger effect on the tested process variables.



An important consideration when making the comparison between individuals and teams is that a multilevel analysis is a more robust approach to analyzing the data. Although it is reported that the clustered version of the model that did account for team membership was analyzed, no significant changes in the outcomes were found. Because of this, the results were presented without being clustered by teams, which does violate any assumption of independence. This decision was made for simplicity, but it would still benefit future research to account for group membership, and to cluster the data analysis using a multilevel analysis approach.



A final consideration is that many of the variables in the current study were similar in nature, and highly related to one another. A substantial amount of overlap between the measured constructs was found. This made it challenging to distinguish the constructs in the measurement model, which likely contributed to the number of items that needed to be removed from the different scales (e.g., motivation). The modifications to the validated scales may impact the results. It is unclear what unintended consequences could have resulted from removing content that was too similar to the content of other variables in the study. These changes may have been meaningful to the constructs or the outcomes. However, previous research has shown that game features are highly interdependent and difficult to separate [11]. It is important to remember that this is a single study, and replication of this methodology is needed for further confidence in the results.





5. Conclusions


Based on the current findings, it appears that there are potential benefits to be derived from continuing to explore games and similar technology [118] as potential interventions [119], including use as a training tool. The current findings demonstrate that the game characteristic of human interaction has a large positive effect on affective states, and a small but significant effect on declarative knowledge. Additionally, perceived value and active learning were important mechanisms through which human interaction impacted affective states. These emerging areas of research show there are potential avenues for continued research in the application of game-based training and education.
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Figure 1. Standardized Estimates for Direct and Indirect Effects. ** p < 0.01, *** p < 0.001. 






Figure 1. Standardized Estimates for Direct and Indirect Effects. ** p < 0.01, *** p < 0.001.



[image: Mti 06 00026 g001]







[image: Table] 





Table 1. Means, standard deviations, and correlations for observed study variables.
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	M
	SD
	1
	2
	3
	4
	6
	7
	8
	9
	10
	11
	12





	1. Age
	18.98
	1.72
	-
	
	
	
	
	
	
	
	
	
	



	2. Sex
	0.49
	0.50
	0.18 **
	-
	
	
	
	
	
	
	
	
	



	3. Videogame Experience
	2.74
	0.98
	0.12 *
	0.66 **
	0.94
	
	
	
	
	
	
	
	



	4. Human Interaction
	0.68
	0.47
	−0.07
	−0.06
	0.02
	-
	
	
	
	
	
	
	



	6. Declarative Knowledge
	0.67
	0.18
	0.08
	0.30 **
	0.50 **
	0.01
	-
	
	
	
	
	
	



	7. Psychological Meaning
	3.12
	0.77
	−0.06
	0.07
	0.31 **
	0.23 **
	0.16 **
	0.88
	
	
	
	
	



	8. Perceived Enjoyment
	3.40
	0.89
	−0.02
	0.14 **
	0.39 **
	0.29 **
	0.29 **
	0.73 **
	0.94
	
	
	
	



	9. Motivation
	3.49
	0.78
	0.03
	0.14 **
	0.37 **
	0.20 **
	0.30 **
	0.71 **
	0.81 **
	0.84
	
	
	



	10. Emotional Engagement
	3.32
	0.81
	−0.01
	0.16 **
	0.34 **
	0.22 **
	0.27 **
	0.71 **
	0.81 **
	0.75 **
	0.93
	
	



	11. Perceived Value
	3.01
	0.78
	0.01
	0.25 **
	0.45 **
	0.17 **
	0.28 **
	0.61 **
	0.60 **
	0.64 **
	0.58 **
	0.78
	



	12. Active Learning
	3.62
	0.81
	0.02
	0.18 **
	0.23 **
	−0.17**
	0.23 **
	0.14 **
	0.27 **
	0.26 **
	0.25 **
	0.23 **
	0.83







M = mean; SD = standard deviation; n = 385. Sex: 0 = female, 1 = male. Human interaction: 0 = individual, 1 = team; * p < 0.05, ** p < 0.01. Bold values along the diagonal are the Cronbach’s alpha reliability coefficient. Scales were calculated using average scores.
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Table 2. Direct and indirect effect results.
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AS

	
DK

	
PV

	
AL




	

	
b (SE)

[95% CI]

	
b (SE)

[95% CI]

	
b (SE)

[95% CI]

	
b (SE)

[95% CI]






	
Direct Effects

	

	

	

	




	
Human Interaction

	
0.24 (0.05) ***

[0.14, 0.35]

	
0.01 (0.02)

[−0.03, 0.04]

	
0.31 (0.10) ***

[0.12, 0.49]

	
−0.26 (0.07) ***

[−0.39, −0.13]




	
Videogame Experience

	
0.04 (0.02)

[−0.01, 0.09]

	
0.07 (0.01) ***

[0.05, 0.09]

	

	




	
Perceived Value

	
0.47 (0.05) ***

[0.37, 0.56]

	
0.01 (0.01)

[−0.02, 0.04]

	

	




	
Active Learning

	
0.38 (0.07) ***

[0.24, 0.51]

	
0.05 (0.02) **

[0.02, 0.08]

	

	




	
Indirect Effects

	

	

	

	




	
Via Perceived Value

	
0.14 (0.05) **

[0.05, 0.23]

	
0.004 (0.01)

[−0.01, 0.01]

	

	




	
Via Active Learning

	
−0.10 (0.03) ***

[−0.16, −0.04]

	
−0.01 (0.01) *

[−0.02, −0.002]

	

	








n = 385; * p < 0.05, ** p < 0.01, *** p < 0.001. Reported values are unstandardized regression coefficients. AS = affective states, DK = declarative knowledge, PV = perceived value, AL = active learning.
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