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Multiple assessments, including a novel videogame methodology, were used to understand how viewing a Giant Screen film in four different formats affected both science identity associated with liking science and desire to be a scientist, and learning gains on STEM content. Participants were 406 5th graders who were randomly assigned to watch the 45-min film called Amazon Adventure in either a (1) 2D Small Screen, (2) 2D Giant Flat Screen, (3) 3D Giant Flat Screen, or (4) curved Dome condition. The conditions increased in levels of immersivity as listed. In this 4 × 3 design, the first factor was viewing condition and the second was test time including pretests, posttests, and two-month followup on content knowledge tests relating to natural selection. The strongest pattern was seen at the followup time point where the three more immersive conditions (2D Giant Screen, 3D Giant Screen, and Dome) outperformed the Small Screen condition on the science identity measures of liking science and wanting to be a scientist when grown up. Additionally, two of the more immersive conditions performed significantly better at both posttest and followup on the videogame that assessed natural selection and mimicry knowledge. Significant gender effects at followup revealed that females in the two most immersive conditions (3D Flat and Dome) liked science significantly more and wanted to be a scientist more than males when grown. Interestingly, females also played the videogame significantly better than the males at both posttest and followup. These results suggest that increases in the immersivity of a film can have longer term effects on science identity, and those effects are stronger in females. Additionally, as more assessments are being designed in a gamified manner, designers/researchers should keep game-style (i.e., strategy games) and gender interactions in mind. It had not been predicted that the females would outperform the males on the STEM assessment videogame, but deduction games like the one in this study are probably capturing more than knowledge about natural selection, they may be a proxies for general intelligence or g. More research is needed on game type and gender effects during the school-age developmental span.
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Introduction

Although large screen and 3D films are popular with primary and secondary science teachers, there has been little research on how such media affect Science, Technology, Engineering and Math (STEM) learning (Janicke and Ellis, 2013; Price et al., 2015) and less on how they affect the science identity of youth. There has to date been no a large scale, randomized control trial (RCT) study that addresses STEM learning and science identity over multiple time periods comparing different giant screen viewing formats. There has been little empirical evidence supporting the outcome differences in research examining claims and assumptions about giant screens’ potential impact in learning (Fraser et al., 2012). Fraser et al. report that most who argue for greater learning outcomes associated with giant screens believe those outcomes are reliant on four components: (1) the sense of immersion (created when peripheral views are at a minimum), (2) the first person perspective which contributes to the sense of presence, (3) the narrative structures, and (4) the sensory stimulation of mirror neurons that promote kinesthetic learning. Because many youth obtain supplemental science education through science museums and centers outside of formal education, it is as important as ever to investigate how viewing format can impact science learning and science identity.

We chose 5th graders as the population of study because they are old enough to read and answer expository text questions, and they are young enough to perhaps have their science identity affected by an engaging film. Additionally, in the United States 3rd through 5th graders are expected to start thinking about science at a “systems level.” STEM content is highly interconnected; the film topic of natural selection is reliant on what are called crosscutting concepts and patterns. Additionally, gathering empirical evidence is a core concept in most US Standards as is the understanding of hereditary traits (see the National Academy of Sciences1).

In this study, a film was viewed in various formats to understand the research questions associated with how platform immersivity affected students’ in four different domains: (1) science identity, (2) science knowledge, (3) performance on a natural selection videogame, and, (4) finally, how those three variables interacted with gender differences.



The film and study background

The film in this study was called Amazon Adventure and was produced by SK Films and HHMI Tangled Bank Studios. It was released in 2017, when it won multiple awards (including Best Film for Lifelong Learning awarded by the Giant Screen Association).2 The film is based on Henry Walter Bates’ 11-year journey through the Amazon in the mid-1800’s. It is an entertaining 45-min bio-pic experience that highlights Bates’ time as a young man searching to bring samples back to England and to find evidence of new species. The film wove together the narrative of exploring the Amazon river environs with components of science exploration and specimen collection. It has an action-adventure feel, but also probes critical science concepts. We note this is not a traditional STEM education experience (like a NOVA episode). It contained a well-defined narrative arc of Bates’ life. There was only one key scene that somewhat didactically illustrated Bates deducing how the Pierids (nonpoisonous) species of butterflies altered, or mimicked, the Heliconid (poisonous) species over many generations. The actor performs a “think-aloud” while an overlay on screen of the images of the butterflies merging phenotypes shows up. This type of natural selection eventually became known as Batesian Mimicry. There were several instances of cinematic suspense in the film (Would the ship be wrecked?), and potentially life-threatening moments (Would the jaguar attack?), and the movie did a commendable job of showcasing how the life of a scientist can include wonder-filled moments of scientific discovery. Viewers also saw how important observation and perseverance are for science to advance. Beyond learning about mimicry in butterflies, it was hypothesized that watching Bates’ exploits in the Amazon jungle might positively affect students’ desire to become scientists, either immediately after viewing the movie, or 2 months later. Thus, we asked two questions about science identity.


Study history

This study was funded by a 5 year-long grant. The overarching goal was to understand how viewing format affected learning and identity. To this end, the grant also proposed creating a film on the life of Walter Bates that could be modified for the four viewing formats. A studio with a respected track record for creating engaging and professional giant screen films was a partner in the grant. The film came first and then the study was designed to understand how viewing content on the four different screen formats of 2D small screen (12′ diagonal), 2D flat screen (112′ diagonal), 3D flat screen with 3D glasses (112′ diagonal), or a large curved Dome format would interact with the key variables of interest at pretest, posttest and at followup. This article focuses on those four film conditions and also includes results from an innovative videogame assessment created for this study called the natural selection videogame. The full study included a 5th condition called the classroom condition. Results from the original five conditions (with a classroom lecture that used still images from the movie and not the original film) are in preparation (M. Nucci). In order to differentiate the four viewing conditions, we need to unpack how the levels of immersivity differ between the four films.


Presence and immersivity

Presence and immersivity are related. Presence is a subjective measure, it is the “feeling of being there” (Slater et al., 1994). Creating presence, which is based on an illusion, depends on “successfully fooling several senses, principally sight and hearing, and eliminating or reducing any cues that would tend to break the illusion. The basic principle in creating a visually immersive experience is to fill the audience’s field of view” (Hyder, 2009). Certain cognitive components are associated with presence; Makowski et al. (2017) state these include attentional engagement toward the event and a willingness to endorse the mediated scenario (aka suspension of disbelief). Witmer and Singer (1998) hold that presence is inseparable from attentional factors. Presence has been used as a mediator of the learning outcomes in Virtual Reality (VR; Lee et al., 2010) and reported presence is a significant predictor in structural equation models that use science learning as a dependent variable (Makransky and Petersen, 2019; Johnson-Glenberg et al., 2021). Research supports that users’ ratings of presence are positively correlated with a platform’s immersivity (Alaraj et al., 2011; Cummings and Bailenson, 2016; Johnson-Glenberg et al., 2021).

Immersion describes the technical capabilities or physics of a display system. Immersion is a “correlate of presence” (Slater and Sanchez-Vives, 2016; p. 5). The immersivity of the display or platform is an objective measure (as opposed to a viewer’s subjective sense of presence). As Dalgarno and Lee (2010) state immersion relies on the “technical capabilities of VR technology to render sensory stimuli, whereas presence is context dependent and draws on the individual’s subjective psychological response” to being in VR. The Cummings and Bailenson (2016) meta-analysis lists eight immersivity variables of importance for a format: tracking level (or degrees of freedom), stereoscopy (2D or 3D vision), image quality, field of view (FOV), sound quality, update rate (refresh rate of FPS or Hz), user perspective, and “overall high versus low” [this category includes multiple operational features which might be confounded in a study, e.g., comparing a virtual reality (VR) condition with head tracking to a 2D desktop PC condition with no head/perspective tracking]. Cummings and Bailenson found the two most predictive variables were field of view (FOV) which yielded a weighted r of 0.304 (moderate) for reported presence, and stereoscopy (being in 3D or 2D) which yielded a weighted r of 0.320 (moderate).

Thus, FOV is predictive of presence. Lin et al. (2002) compared FOV with feeling of presence using a driving simulator, with four different horizontal FOVs: 60°, 100°, 140°, and 180°. Reported presence significantly increased with screen size; however, presence values approached asymptotes for FOVs at 140°. Further research shows that increased immersion is also related to increased engagement (Loup et al., 2016), enhanced learning (Dede, 2009), increased arousal (Tian and Wang, 2021), and amplified emotions (Kim et al., 2018).



Reported presence in Amazon adventure

In the paper-based assessment arm of the Amazon Adventure research (Nucci, 2019), a presence survey was administered. The paper assessment asked three presence questions using a Likert scale: 1 = disagree a lot to 5 = agree a lot. Preliminary results on presence can also be found at the government grant’s website (Nucci, 2019). The most representative presence query was the following: “I felt I could have reached out and touched the plants and animals in the film.” The four platform groups scored in a manner that correlated with increasing FOV. The Means are followed by SDs: Small Screen = 2.22 (1.14), 2D-GS = 3.25 (1.18), 3D-GS = 3.82 (1.22), Dome = 4.00 (1.07). The pairwise t-test comparisons were all statistically significant (except for the last one between 3D-Giant Screen and Dome). This supports there is a fairly linear increase in the subjective feeling of presence as the viewing formats increase in objective immersivity (i.e., FOV).



Ranking platform immersivity

The four viewing conditions, also called platforms, have been grouped based on levels of immersivity. Again, immersivity is an objective property of the technology (Slater et al., 1994). Two of the most predictive eight independent variables in the Cummings and Bailenson (2016) meta-analysis were used to place the four viewing conditions on a continuum of immersivity. Because the film did not change between conditions, it was not necessary to control for their other variables like image and sound quality, perspective of viewers, and degrees of tracking freedom. To be explicit, the exact same film was shown in the four formats, although we note that the addition of a third dimension can truly alter how some content is experienced, like a river wave rushing towards the viewer, or dust motes floating before ones’ eyes.

This study used the two variables of (1) field of view (FOV), and (2) comparison of 2D vs. 3D to rank level of immersivity. The Cummings and Bailenson article refers to 2D as monoscopy and 3D as stereoscopy, as do many older articles, but from here on, the terms 2D and 3D and “dimensionality” will be used instead of stereoscopy. Table 1 shows how FOV and dimensionality were used to ascertain level of immersivity. The average FOV statistics for giant screens come from publications by Hyder (2009) and Carlson et al. (2019).



TABLE 1 Levels of immersivity by FOV by number of dimensions (2D vs. 3D).
[image: Table1]

The 3D Giant Screen and Dome are considered higher in immersivity because 3D affords a more realistic and depthful experience. The Dome experience, though 2D, affords the viewer a very large curved horizontal FOV with stimulation of peripheral vision. Domes are often characterized as “engulfing.”



Is 3D different?

According to Price et al. (2014), 3D should be used to present an environment where attention to spatial detail is paramount, such as astrophysics or an invasive surgery (van Beurden et al., 2012). The advantage of 3D relies on its more realistic display, which some argue can lessen the cognitive load needed to process the images (Price et al., 2014). To achieve a 3D effect while watching a movie, viewers wear special glasses and this may enhance interest and motivation because the experience is also new (or at least infrequent) for most movie-goers (Price et al., 2014). There is a novelty effect in wearing 3D glasses and it has been often cited as a potential explanation for the positive effects of 3D presentations in advertising (Yim et al., 2012). Finally, there is evidence from fMRI studies that the brain handles 3D content differently. One study suggests that working memory training is more successful using 3D objects rather than 2D ones (Park et al., 2016). Makowski et al. (2017) ran an episodic memory study on 2D vs. 3D effects using one of the Avengers entertainment movies. The main differences between the two conditions only reached the levels of statistical trends; however, a mediation (interaction) analysis found a significant link between emotion and factual memory that was mediated by presence. The authors hypothesized that the role of presence – as an “absorption of the attentional focus toward the stimulus” – had a positive and enhancing effect on encoding some of the factual content from the film.

Statistically significant main effects between Giant Screen viewing conditions on learning are difficult to find in the literature. As evidenced by the Price et al. (2015) and Price et al. (2014) studies, the effects between viewing conditions are often small and differential learning gains over time do not always reach traditional levels of significance. In 2015, Price et al. compared science learning in 2D vs.3D planetarium platforms. Participants were asked specific science questions before and after viewing. A very small effect size (Cohen’s D = 0.06) was found between the two platforms at posttest [note: this first author calculated Cohen’s D from the Price et al. (2015)]. Even though the Price et al. study had a relatively large sample size (N = 498), the time by platform interaction did not approach statistical significance at immediate posttest. They did, however, find a significant delayed effect on a six-month followup test on a smaller subsample (N = 123) and this suggested that 3D viewing may aid long-term retention. Although significant immediate learning differences have been elusive, some studies suggest that movies presented in 3D are rated as “more credible, more realistic, and more immersive” than those in 2D (Pölönen et al., 2009), and the increase in immersivity leads to increases in reported presence (IJsselsteijn et al., 2006). Consequently, we hypothesized that due to greater immersivity, a movie in 3D, compared to 2D, would be associated with increased presence and be associated with more interest in the topic and hence might lead to increases in STEM learning. We assessed STEM learning with two methods, traditional science questions and a novel videogame methodology.




The videogame assessment

This study is one of the first to use an interactive videogame to assess STEM knowledge both before and after a Giant Screen intervention. A metanalysis of serious games shows they are effective for learning (Wouters et al., 2013), and the past decade has also seen an increase in the use of games for knowledge assessment (Hickey et al., 2009; Shute, 2011; Shute et al., 2020). The first author of this article designed the natural selection videogame for a tablet form factor. The game was carefully designed to not instruct in the topic of mimicry per se, but instead to assess whether players understood the principles of capturing non-poisonous butterfly species compared to poisonous species. Additionally, players needed to track and remember the non-poisonous wing patterns changes over time. Gameplay scores were gathered across the three time periods and performance in the four viewing conditions were compared.

Our prediction was that those who viewed the film in the more immersive conditions might understand the concept of Batesian mimicry in a deeper manner. One theory supports that experiencing a film in a more immersive environment might free up cognitive resources for learning (Lin et al., 2002). With more cognitive resources, students may be better able to conceptualize the complexity of natural selection in butterflies. Perhaps when viewers feel present and “really there,” they do not have to expend cognitive effort simulating what Bates experienced as he deduced how the multiple generations of butterflies mutated over time. A second theory posits that the 3D experience is more engaging than a 2D one. Learners perform better with content when it is more engaging (Malone, 1980; Huang et al., 2021), and immersivity (at least with 3D VR) has been associated with more engagement, as well as reported presence (Schubert et al., 1999; Slater and Sanchez-Vives, 2016). Those in 3D film viewing conditions report more engagement compared to 2D ones (Pölönen et al., 2009). If the viewers feel more presence and engagement in the immersive conditions, then this might increase attention, motivation, and ultimately comprehension on the topic of natural selection. In that case, viewers in the high immersivity conditions are predicted to make fewer errors and achieve higher scores in the natural selection butterfly videogame at both posttest and followup. It follows that high immersivity viewers should also score higher on the more traditional science questions.




Gender


Gender and 3D

Although the Price et al. (2015) study did not find gender effects on STEM learning when comparing 2D and 3D formats, there is some evidence that gender effects may be associated with dimensionality. From the earlier videogame literature, Schild et al. (2012) report gender effects on presence and immersion depending on both game type and adult player’s gender. For a racing game with compelling 3D camera movement, they found more impact on male players, while a side-scrolling-game (with fewer spatial animations) had more of an effect on presence for female players. In a study by Salmimaa et al. (2009), participants watched a 1.5 h entertainment film (a U2 band concert) in a theater. Participants were assigned to either the 3D (with glasses) or 2D condition. They found several significant gender differences for the women. In the 3D condition, the females were more interested in “movie viewing as a task,” the females’ opinions about the 3D experience moved to a more positive direction, the females reported significantly deeper feelings of “psychological immersion” and engagement (p < 0.05). The females reported they were concentrated more on the 3D movie compared to the males (p < 0.01), and that everything in the virtual world looked “more real and vivid.” We note here that these results are based on only 11 females (out of 41) participants who responded to the study’s followup Web-based questionnaire, thus, interpretation should take into account self-selection biases.



Gender and STEM

In general, young women are drawn to careers that “fulfill humanistic and helping values” (Eccles, 2007). STEM has long been portrayed as a field that does not support those tenets and Eccles argues that that perception needs to change in order to attract more women to STEM. Interestingly, in primary school the genders report equal in interest in STEM careers, but over time, as fewer women are present in the ‘hard science’ classes, females report feeling less welcome and more isolated (Dasgupta and Stout, 2014). Appendix A includes more background on gender and STEM. We wanted to know if watching a 45-min movie with a male protagonist would affect 5th grade students’ identity and attitudes towards science immediately post viewing and at followup. This question is asked as a function of both gender and viewing condition.



Science identity

An identity is a set of meanings that define who a person is in terms of their roles, group memberships (social identities), or as individuals (person identities; Stets et al., 2017). Science identity is a complex phenomenon, which has been tackled in several different perspectives (Williams and George-Jackson, 2014). One way to think of it is as a type of “affinity identity” (Gee, 2003, 2007). A large study by Stets et al. (2017) reported that only science identity itself, among the many factors considered, influenced moving into a science occupation upon college graduation. Additionally, science identity is posited to be not only related to the extent students see themselves as science students, but also whether they behave consistently with this description (Stets et al., 2017). Several attitudinal constructs have been linked to science identity. One understanding is associated with perception, such as how much a learner perceives themselves as a science person, or that how much they think others recognize them as a science person (Carlone and Johnson, 2007). Most commonly, interest (intrinsic motivation) has been touted as a primary driver of science identity: the larger the science interest, the more solidified the science identity (Vincent-Ruz and Schunn, 2018). Other conceptualizations assume that when interest leads to participation in science, then it is this participation that leads to the development of career goals and a science identity (Crowley et al., 2015) Middle school children gather science knowledge from an abundance of experiences; however, for some proportion explicit science experiences will come primarily from formal environments rather than informal environments (Vincent-Ruz and Schunn, 2018). Thus, it was of interest to explore how a somewhat informal and short educational event, like a science center visit and viewing a giant screen film, might affect science identity.

Due to tight time constraints at the science centers, this study needed to be frugal with the number of test items. It was only possible to ask two of the canonical identity questions pertaining to (1) “liking science” and (2) “wanting to be a scientist when you grow up.” This study’s film portrayed a period of over a decade in the life of Bates, a white male scientist. There were realistic hardships portrayed in the movie that might not appeal to youth, i.e., long spans of isolation in the harsh climate of the untamed Amazon Forest and several graphic bouts of illness. On the other hand, there were also joyous moments of scientific discovery, scenes of palling around with a colleague, and a monkey-on-the-shoulder companion that provided levity. We wanted to know if the film affected boys and girls differently in their desires to be a scientist when they grew up.



Research questions and hypotheses

There is a greater expense associated with creating and screening giant screen films. Giant screen theaters worldwide are marketed as providing highly engaging informal learning experiences that complement and support formal education. It is important that researchers run randomized controlled studies to ascertain what kinds of learning and science identity changes will be associated with increased immersivity (and the increased expense of such films). Expected effect sizes need to be established in the literature. In an attempt to reduce some of the heterogeneity associated with students who visit museums and science centers in the United States, this study focused one grade group, 5th graders (between 10 to 12 years old). Three major research questions were addressed and for each major question an interaction analysis including gender was run. The research questions address how four different screen formats affect the following variables:



RQ 1. Change in science identity

The hypothesis is that students in the two most immersive formats of 3D and dome will increase in their positive attitudes associated with liking science and being a scientist, compared to those in the less immersive conditions.


Interaction of gender and science identity

The prediction is that in 5th grade, the genders will like science equally. This may change at posttest since the males may like science more and show a preference to be a scientist when they grow up since the lead protagonist in the film is a male.




RQ 2. Change in science knowledge

The hypothesis is that all students will increase in science knowledge on natural selection, but that those in the three more immersive conditions (2D GS, 3D GS, and Dome) will show greater increases, compared to those in the Small Screen condition. The more immersive the environment, the more presence and engagement the students should feel, which should translate into better encoding, reduction in cognitive load, and greater knowledge gains. The gains should be maintained at followup.


Interaction of gender and science knowledge

There are no specific predictions for science knowledge to differ pre-intervention since at 5th grade there is usually not a gender difference in STEM. Post-intervention males may gain more in the immersive conditions because the protagonist is a male. On the other hand, one small study showed adult females to be more immersed and engaged by 3D formats than males. In any case, there are no conclusive predictions for learning outcomes by gender.




RQ 3. Change in performance on the natural selection videogame

The natural selection videogame is a different more interactive and engaging method for assessing STEM knowledge. The hypothesis is that post-intervention, the students who were in the more immersive conditions should make fewer errors in the videogame. This may be because the more immersive conditions seem more “real” and encourage viewers to expend more “attentional focus” (Makowski et al., 2017). Focus on detail may also aid or prime some students to spot the detailed patterns on the butterfly wings in the videogame. Gains in performance should be maintained at followup, such that the more immersive conditions still perform better (have higher scores).


Interaction of gender and performance on the natural selection videogame

The prediction is that males will play better on their first exposure to the game (pre-intervention) because males in that age group play more videogames overall (Twenge and Martin, 2020), but that females will catch up in performance post-intervention. This is because the gameplay is about pattern recognition and deduction (e.g., strategy) and not focused on ‘twitch-style’ shooter gameplay skills that males often excel in with games. Thus, gender effects should be negligible at posttest and followup.





Materials and methods


Participants

Fifth grade teachers were recruited either by direct contact via the museum/theater site or by a flyer disseminated to teacher listserves. Teachers sent home parental consent forms for the study. If the forms were not turned in by the day of the study, those children were not tested (though all who were at the science centers did view the film). All research was performed under Rutgers University IRB protocol. The 5th graders came from a variety of geographic locations and schools with varying levels of SES. The sites included large cities in Minnesota, Massachusetts, and Washington state; and mid-sized to small cities in California and New Jersey. Ethnicity demographics were not gathered due to time and privacy constraints. Of the 406 participants, 215 chose male (53%) and 191 chose female (47%). Fifth graders in the U.S. are between the ages of 10 and 12 years. There were seven schools with 17 classrooms. Classes were randomly assigned to viewing condition. During testing, when it was noted that a participant was sitting with a parapro (para-professional adult aide), the parapro was asked (privately) if the child could understand the task of the tablet videogame. If the adult said “no,” those data were not analyzed. This occurred with six participants.

Subset of pretests. The term full set describes the 406 students in the four conditions at posttest and followup. A decision was made to give the natural selection tablet-based videogame to only a smaller subset of students at pretest. (One manager of the study felt that not taking the pretest would better simulate a traditional science center audience experience.) Thus, half of the 17 classrooms were randomly assigned the tablet pretest condition and they went through Set A of the tablet videogame assessment. The participants with pretest videogame scores are referred to as the subset throughout this article. The numbers are in Table 2.



TABLE 2 Number of participants by format – Subset and Full set.
[image: Table2]



Design

This study represents a 4 × 3 mixed design. The first between subjects factor is viewing condition (or platform) with four levels. The levels are: (1) Small Screen (SS, four meters diagonal, 12 ft.), (2) giant screen 2D flat screen (2D-GS, 34 meters diagonal, 112 ft.), (3) giant screen 3D with individual glasses (3D-GS, 34 meters diagonal, 112 ft.), and (4) giant screen dome (Dome, immersive curved 2D screen). The Small Screen experiences occurred at the Science Centers but not in the theaters, these occurred in large conference rooms. That condition could be considered the control. There were two curved domes used in the study, the Science Center of Minnesota in St. Paul dome is 30 meters in width (~90 ft.) and the Museum of Science Boston dome is 76 meters in width (~250 ft.).

The second within subjects factor is time with three levels: pretest, posttest, and followup. The followup tests were administered 7 to 8 weeks post-intervention. The majority occurred 8 weeks later, so it is referred to as the 2 month followup. At followup, experimenters flew (or drove) back to the students’ schools and administered both the paper and the tablet-based tests in the school classrooms.



Test apparatus

The apparatus was a Fire HD 8 tablet (6th generation) with a diagonal of 8 inches of playable screen space. The average Frames per Second (FPS) was 32. The natural selection butterfly game was built in Unity Pro with a.json backend to locally save student data. The software team wrote original code to convert the.json data into a.csv format that would be readable by the statistical package. One hundred tablets were purchased for the study. There was no audio included because we did not have the resources (or desire) to procure and maintain 100 pairs of headphones.



Measures

The tablet locally captured data on the game as well as the assessment measures described below. No feedback was given after test responses. Measures were always administered in the same order, Figure 1 shows the design.

[image: Figure 1]

FIGURE 1
 Schematic for the study’s design.




Science identity

SI1- Like Science. The first question addressed how much the students liked science. This was queried on a Likert scale of 1 (not very much) to 5 (very much). Variations of this study’s two identity questions have been asked on multiple Science Identity scales (Moore and Hill Foy, 1997; Stets et al., 2017). The two answers were significantly correlated during pretest (Pearson r = 0.44, p < 0.001). Still, one can like science without wanting to make it a career and so the two variables are analyzed separately.

SI2 – Want to be a Scientist. The second question was asked to understand whether seeing the film in a certain format would affect students’ desire to be a scientist. The exact query was, “Do you want to be a scientist when you grow up?” This was also queried on a Likert scale of 1 to 5, it comes from Question 36 in the Science Attitude Inventory (SAI II; Moore and Hill Foy, 1997).



Science knowledge

Three traditional science knowledge questions were delivered by the tablet at all three time points. The answers to the three questions were summed and the total final score ranged from 0 to 6.

Which Type Disappeared – Science Question 1.

Players saw an image with four pictures of butterflies at the end of the Butterfly videogame at level 2, one species was not in the level they just played. They were queried:

“Which butterfly type disappeared by the end of the game?”

They tapped on their choice. The score ranged from 0 to 1. This question allows the participants to show that they understood the difference in wing patterns and that one type of butterfly (species pattern) was not among the new generation.

Open-ended – Science Question 2.

This science knowledge question used an open-ended response which provides a deeper probe of knowledge (recall) compared to multiple choice questions (recognition), which have the attendant problems associated with guess rates. At the end of a the butterfly gameplay set, a specific type (species) of non-poisonous butterfly was no longer present in the game. After answering the previous question regarding which type of butterfly was no longer present they were queried:

“Why do you think that type disappeared by the end of the game?”

Participants typed in answers, after a starter stem of: “That type disappeared because ….” A digital keyboard appeared on the bottom of the tablet. Misspelled words were underlined in red, but not auto-corrected. Scores ranged from 0 to 4. A rubric was created with three subject matter experts (SME’s). The SME’s were evolutionary and learning scientists with PhD’s in their fields; they iterated through the scoring rubric (blind to condition) three times to make sure all instances of answers were accounted for, and that all disagreements were resolved through consensus. There were no examples in the literature of the sorts of wide ranging answers that 5th graders would create, so it is hoped that this rubric adds to that database for scoring middle school STEM responses. See Appendix B for the rubric. Using the expert rubric, two blind scorers (undergraduates) scored all the students’ responses. The interrater reliability was significant, r = 0.81.

Want to Change – Science Question 3.

This final multiple choice question was asked to understand if students held the misconception of intentionality, i.e., do animals have the intention or desire to mimic.

“Did the non-poisonous butterflies want to change their appearance?”

(A) Yes, to live.

(B) Yes, to blend with the trees.

(C) No, they do not want to change, but change happens over generations.

(D) No, they do not really change, it just seems like that over generations.

Scores ranged from 0 to 1.

Note: A recall task was also included at the end of the posttest and followup. Viewers were asked to recall up to four animals that Bates interacted with. They typed in animals with no spellcheck function. These ranged from 0 to 7 instances. There were no significant conditional differences at posttest, nor at followup. In order to reduce the length of this article, those results have not been included.



Catch a mimic – Natural selection butterfly videogame

More design details of the tablet videogame are included in Appendix C. A free derivation of the original tablet game can be played in a Web browser at (https://www.embodied-games.com/games/natural-selection-catch-a-mimic/play-catch-a-mimic/), additionally a 3D virtual reality (VR) version has been created and can be played for free at (https://www.embodied-games.com/games/natural-selection-catch-a-mimic/).



Game design

In the film, the naturalist Walter Bates realizes, that when the non-poisonous butterflies’ wing patterns more resemble the poisonous ones, they have a better chance for surviving into the next generation. The game was designed to allow the players to also make this deduction. They are not taught it. Players play in the role of a predator that needs to deduce which types of butterflies would make the predator feel “ill.” Players tap on the moving butterflies and via immediate game feedback begin to comprehend that they should avoid the poisonous ones. Two sets of butterflies were developed, Set 1 = easier, orange butterflies, and Set 2 = more difficult, spotted blue butterflies. The butterflies flew across the tablet screen from the right to the left edge, similar to a slow infinite runner/platformer game. As levels progressed, it became more difficult to ascertain the wing pattern differences between the non-poisonous and poisonous ones. Butterflies would spawn from the right edge of the screen and “fly off “when they reached the left edge. Each level consisted of 40 butterflies (20 non-poisonous and 20 poisonous) that flew across the screen in 60 s (thus, each of the three levels lasted 1 mins each). The white bar at the bottom of the screen in Figure 2 showed a bird moving across the white bar and served as a timer. A finger tap would essentially mean the player had “eaten” the butterfly. In place of where the butterfly had just been, players received immediate feedback. If they tapped a non-poisonous butterfly (correct hit), 50 was added to their total score; if they ate a poisonous butterfly (false alarm), 50 was deducted from their total score.

[image: Figure 2]

FIGURE 2
 Screenshot of the Butterfly game on the tablet.


Figure 3 shows the level legend, or the types of wing pattern changes that occurred across the two sets. There were six levels total. The hardest level is clearly the last one, Set 2 level C.

[image: Figure 3]

FIGURE 3
 The level legend showing how the butterflies differed across levels and between poisonous and non-poisonous species.


The team spent 4 days over a half a year playtesting in a middle school and iterating on the design and mechanics. These focus group sessions (12 total) helped us to also finetune the instructions in the tablet videogame and the science knowledge questions.



Cut scenes – The importance of time passing

One of the hardest concepts about natural selection for students to understand is that generations need to pass for changes to become prevalent. Before each level, participants saw a short animated cut scene. The words “Many generations have passed” was displayed on the bottom of the screen. The design team felt it was important to include the phrase about time passing because natural selection is complex, students need to understand it is dynamic change over multiple generations and is affected by random mutations and environmental pressures. See Figure 4 for cut scene screenshot and see Appendix A for more on the difficulties of teaching evolution and more our iterative piloting and playtesting.



Protocol of experiment

Students arrived in buses to the science centers and museums. Last minute parental consent forms were collected. Classroom teachers remained in the rooms with the experimenters during testing. Assent forms were distributed, read to the students, students signed them, and the forms were collected. A short paper-based test was distributed and collected. The tablets were then distributed and participants saw an opening screen with the name “Butterfly Game” displayed (we did not want to prime them with the idea of natural selection or evolution).

The students were told:

“Here is another task. You are going to play a game on this tablet and answer some questions. Just do the best you can. Please do not talk to your neighbors. Wait until I give you the code to put into the white box before starting.”

The tester would then call out a two digit code that opened the assessment. Occasionally students needed to be reminded to not talk to each other.



Sequence of the tablet test

Opening demographics screen. Students typed in their first and last names, these were then turned into subject IDs. Students then chose gender.

The two science identity questions were asked.

Opening game screen. Opening text: “You are a bird living in a rainforest that eats butterflies to survive. Eat as many NON-POISONOUS butterflies as possible, while avoiding POISONOUS butterflies, to earn the most points.” Tap the START button.

5–9 min of play. Players immediately start tapping on butterflies, playing the game and deducing which are poisonous via the immediate feedback. Some errors need to be made in the early seconds because players only learn which are poisonous by seeing the feedback post-tap. Experimenters agreed that by the middle of the first minute of play almost all players understood the game mechanic and appeared to be engaged with the game and enjoying it. At pretest, only Set 1 was played (approximately 5 mins of play). At posttest and followup, both Set 1 and the harder Set 2 were played and that play lasted approximately 9 mins, depending on the student’s reading speed.

Test questions. Test questions appeared after the butterfly gameplay. After submitting final answers on the tablet, the following text appears.

“Thank you please put down your tablet and raise your hand.” The tablet screen automatically locked for 60 s after the final answer was submitted. This gave the testers time to collect it. This was good design since many students tried to play the game immediately again, and complained when they could not.

It should be noted again that at post-intervention, Set 2 with the blue butterflies was novel for all participants. Only Set 2 results will be used in our analyses. This set required more attention and cognitive evaluation because the differing species had multiple, subtle phenotype differences. Set 2 butterflies were blue and white (due to color blindness in the human population, the designers were careful to stay away from red and green as the primary identification colors), and BOTH spot locations and wing morphology changed over time.




Results

The results section addresses the major research questions in the following order:

RQ1 – Change in Science Identity: Like Science and be a Scientist, and gender analyses.

RQ2 – Change in Science Knowledge and gender analyses.

RQ3 – Catch a Mimic – Natural Selection videogame performance and gender analyses.


RQ1 – Science identity – Like science

Using the subset at pretest, the four conditions were not significantly different on liking science, F (147) < 1.20. The two pretest identity variables of “I like science” and “I want to be a scientist when I grow up” were significantly correlated with each other, r (148) = 0.44 p < 0.001.

Maximum Likelihood Estimation. The pretest to posttest, and posttest to followup correlations were stable (r = 0.71 to r = 0.81, respectively) and the decision was made to run the time analyses with the entire group (full set, N = 406). Maximum Likelihood Estimation (MLE) was used so that all the pretest, posttest and followup data could be included in a single ANOVA (otherwise, most analyses delete participants listwise, so those who did not have pretest scores, i.e., 62% of the participants, would be excluded). Using MLE provides analyses with higher statistical power compared to listwise deletion, as all available data from the three timepoints are used. It is a well-supported choice for this type of dataset, especially because other variables (i.e., gender) are included (Enders, 2005) and the pretest scores were not significantly different between the subset groups. Note: When engaging in a pretest activity would affect posttest performance and bias the results, the MLE model would not be an appropriate choice (i.e., as in the Butterfly videogame with pretest learning/practice effects due to playing Set 1). Tables 3A–D list the Descriptives for the all of the main dependent variables in the study, Table 3A lists those for the “I like Science” question.



TABLE 3A All Descriptives. “I like Science” Descriptives for the four conditions at three time points.
[image: Table3]



TABLE 3B “I would Like to Be a Scientist” – Descriptives for the four conditions at three time points.
[image: Table4]



TABLE 3C Descriptives for posttest and followup natural section science knowledge.
[image: Table5]



TABLE 3D Descriptives of gameplay.
[image: Table6]

The MLE ANOVA revealed that time and condition were significant factors, but the time by condition interaction was not significant, see Table 4 and Figure 5.



TABLE 4 “I Like Science” MLE univariate tests.
[image: Table7]

[image: Figure 4]

FIGURE 4
 The cutscene between levels.


On average, all conditions decreased in liking science after watching the movie. At followup, the conditions were holding steady except for the Small Screen condition which decreased even further.

Small Screen compared to more immersive formats. An ANOVA comparing the Small Screen response at followup to the average of the three other conditions revealed that Small Screen was significantly lower than the larger screen formats. The Small Screen condition apparently liked science significantly less than the three larger more immersive conditions 2 months after viewing the film.

I Like Science – Gender analyses.

As had been predicted, at pretest there were no simple gender differences in liking science for the smaller subset, F (147) < 1.5, N.S. An MLE analysis with the fullset revealed there was a significant effect for Condition, Time and a significant 2-way interaction for Gender by Condition. Table 5 shows the results.



TABLE 5 I like Science – gender by condition analyses.
[image: Table8]

Figure 6 shows the females dropped from pretest to posttest in liking science (except for the very low Small Screen condition, that rose somewhat). However, by followup, the more immersive 3D Flat and Dome are starting to rise again in liking science while the lower immersivity conditions of Small Screen and 2D Flat are falling again. Figure 7 shows that the males basically, monotonically dropped from pretest to posttest to followup in liking science. In the discussion section, we explore social desirability effects when youth answer science identity questions at science centers and museums and why there may have a been a drop post-viewing.

[image: Figure 5]

FIGURE 5
 “I like science” question performance for the four groups.


[image: Figure 6]

FIGURE 6
 “I like science” performance for the females only.




Science identity – Be a scientist

The question, “I would like to be a scientist when I grow up” is a somewhat different question from liking science. Although, at pretest these two questions correlated significantly, they account for only 19% of the variance in a linear model. The pretest subset of conditions was matched, F (147) < 2.00. Table 3B includes the Descriptives for I Would Like to Be a Scientist.

An ANOVA revealed that significant differences between the conditions were seen at posttest, F (4, 459) = 3.24, p < 0.05, and at followup. At posttest, the conditions have moved in their desire and the only condition decreasing was Dome. There were significant differences between 2D Flat and Dome, p < 0.02, and 3D flat and Dome, p < 0.03. Although by followup, those differences disappear (a similar pattern to the “Like Science” question). At followup, those who were in the Small Screen condition are less interested in being a scientist compared to the average of the three groups in the most immersive 3D and Dome platforms (Table 6).



TABLE 6 Be a Scientist – Small screen to more immersive formats.
[image: Table9]

Figure 8 reveals the patterns.

[image: Figure 7]

FIGURE 7
 “I like science” performance for the males only.


Table 7 shows the ANOVA results for small screen compared to the average of the three giant formats.



TABLE 7 Be a Scientist – MLE analysis with time, condition, and gender.
[image: Table10]

This targeted ANOVA supports the notion that by followup those who saw the giant format screen versions would like to be a scientist significantly more than those who saw the Small Screen version, F (1, 405) = 4.59, p < 0.03.



Be a scientist- gender analyses

At pretest, there was a significant gender difference in the subset in wanting to be a scientist F (147) = 4.01, p < 0.047. At pretest, males wanted to be a scientist more than females: Males, n = 78, M = 2.59 (1.22): Females, n = 70, M = 2.20 (1.14). An MLE analysis found a trend for a Condition effect and a significant 2-way interaction for Gender by Condition. Table 7 reports the ANOVA results.

Figure 9 shows that for males, only two male conditions increased in wanting to be a scientist: the flat screen 2D and 3D giant screen conditions. Interestingly, for the males at followup, all males scored close to and clustered around 2.50 regardless of screen condition. For the females in Figure 10, those same two conditions (2D and 3D giant screen) increased at posttest, while the Dome condition decreased. For females at followup, the most immersive conditions of 3D Flat and Dome actually wanted to be a scientist more than the females in the less immersive conditions.

[image: Figure 8]

FIGURE 8
 “Be a Scientist when I grow up” performance for the four groups.


[image: Figure 9]

FIGURE 9
 “Be a scientist” performance for the males only.


[image: Figure 10]

FIGURE 10
 “Be a scientist” performance for the females only.


At Followup, the males showed little variability in wanting to be a scientist while the females showed more variability, and that apparently appears to be driving the significant interaction at followup because the two most immersive conditions were much higher (Female 3D M = 2.94; Female Dome M = 2.84, while the females in the two less immersive conditions stayed below the Male’s Mean of 2.50). This appears to support the previous finding seen in adult females who viewed an entertainment 3D film, they were more affected by the 3D format than the males (Salmimaa et al., 2009).



RQ 2 –Science knowledge

The science knowledge variable was created by summing the science questions delivered on the tablet: (1) Which butterfly disappeared?; (2) Why did it disappear? (open response); Did it want to disappear? (multiple choice), Max = 6. The four subset conditions were matched at pretest on science knowledge and did not significantly differ, F < 1.50, N.S.



Repeated measures general linear model

GLM was used and a two-factor repeated measures analysis revealed that the gain from pretest to posttest (for the smaller subset) was significant for all four conditions, F (1,141) = 4.43, p < 0.04. A pairwise post hoc analyses did not reveal any condition difference at posttest t < 1.00, N.S. Using all three time points of pretest, posttest and followup, a significant effect of time was seen, but still there was not a significant condition by time interaction. On average the more immersive conditions scored higher in a linear manner over time, the Small Screen condition dropped somewhat at followup. Table 3C shows the Descriptives and Table 8 the GLM analysis.



TABLE 8 GLM analyses for natural section science knowledge.
[image: Table11]

At followup, there was a trend for the Small Screen condition to perform worse than the average of the three large screens. F(1, 402) = 3.34, p < 0.068. The conditions were matched at pretest, but the subset sample was also run using an ANCOVA with the pretest as the covariate and the results remained the same.

Gender analyses. There were no significant gender interactions on science knowledge variable.



RQ 3 Natural Selection videogame performance – Catch a Mimic

Another type of science knowledge was gathered via videogame play with the Catch a Mimic videogame. Recall that the game was composed of a simpler orange set, called Set 1 and a more difficult Set 2 with blue butterflies. Only the easy Set 1 was used in the pretest and only a smaller subset of participants played that. For the four conditions in the smaller subset an ANOVA revealed that the pretest scores were matched. F < 0.1.0. Because only a subset of participants were exposed to Set 1 (orange) butterflies, it was determined that the orange Set 1 butterflies seen at Time 2 (posttest) and Time 3 (Followup) could not be analyzed due to a carryover effect. A regression revealed this to be the case – those that played the orange Set at pretest played significantly better at posttest. Using Time 2 (posttest scores Set 1) as the Dependent Variable and a dummy code for playing Set 1 at pretest, the effect of pretest play was significant on posttest play, t = 5.09, p < 0.001. Therefore, only Set 2 data with the more difficult, and novel-to-all, blue butterflies were analyzed; Set 2 was only given at posttest and followup.



Videogame participants

There were 13 participants who scored 0 on multiple game levels. These participants may not have understood the instructions, or they may have decided to not take the game seriously. Experimenters reported that some students said out loud they wanted to just “capture every butterfly, that’s fun.” Scores started at 0. With a correct tap on a non-poisonous butterfly +50 was added, with an incorrect tap −50 was deducted. The score was constrained to never go below 0. With 40 butterflies, the maximum score was 1,000. To achieve a level score of 0 twice in a row, a participant would have to either tap on every single butterfly, tap on more poisonous than non-poisonous, or tap on none and let the timer run out. All of those scenarios evidence nonstandard and problematic gameplay; inclusion of those data would only add noise to the analyses. Those players were deselected from the gameplay analyses. The condition affiliations for the deselected participants were: Small Screen = 7, Giant 2D = 2, Giant 3D = 2, and Dome = 2. A chi square nonparametric test revealed that no students were deselected significantly from any one condition, X2 (3) = 4.86, p = 0.303. Technical difficulties in transferring the scores from the tablets were also encountered and the final total of participants with posttest and followup Butterfly videogame scores was 392.



Videogameplay and science knowledge correlations

Pearson correlations were run on the average Set 2 scores on the posttest and followup science knowledge variables: posttest gameplay score correlated significantly with posttest science knowledge scores, r (384) = 0.20, and posttest gameplay score correlated significantly with follow-up science knowledge scores, r (384) = 0.26, both p < 0.001. Therefore, gameplay score is significantly predictive of science knowledge. Finally, posttest gameplay score is significantly predictive of follow-up gameplay score, r (384) = 0.54, p < 0.001.



Videogameplay performance at pretest

Pretest was analyzed with the smaller subset of players. The four conditions were matched at pretest, F (138) < 1.50 N.S. Table 3D shows the Descriptives across the three time points.

Table 9 with ANOVA results reveals that at posttest and followup the conditions differed significantly when using all participants on the Set 2 data.



TABLE 9 Butterfly Game – ANOVA results of post and followup play.
[image: Table12]

The pattern is as follows, the two large screen conditions that viewed the content not on a curved Dome screen performed significantly better on the natural selection game after the film and at followup. So, 2D GS and 3D GS outperformed both the Small Screen and the curved Dome conditions. Table 10 lists the p values for the significant LSD pairwise comparisons.



TABLE 10 Conditional pairwise comparisons on the Butterfly gameplay for posttest and followup.
[image: Table13]



RQ 3 Videogameplay and gender analyses

At pretest, using the smaller subset on Set 1, 53% of the players were male. There were no gender differences at pretest for the subset of students playing, F < 2.0, N.S.

For the posttest and followup fullset data (N = 392), again it was the case that 53% were male. At posttest, there were now significant gender differences, F (1, 392) = 6.15, p < 0.014; however, these results favored the females, Female M = 560.01 (193.50) vs. Male M = 514.20 (216.74). At followup, the same pattern held with the difference still favoring the females, F (1, 391) = 5.83, p < 0.016: Female, M = 693.00 (177.88) vs. Male, M = 647.95 (199.31). This had not been predicted. The gender by viewing condition interaction was not significant, F < 0.40.




Discussion


RQ1 – Identity – I like science

The question of “liking science” had not been predicted to decrease between pretest and posttest. Indeed, we were skeptical that one film would have much impact on liking science. We have not seen research with a short film as an intervention embedded within three time points for liking science. We agree it would have been better to have more questions on science identity, we also think it is important to put the Means and Effects Sizes of unexpected and null results out into the literature.

Research on liking or enjoying science is usually asked at one time point. One example is the Glynn et al. (2009) Science Motivation Questionnaire study wherein they assessed the construct validity of the motivation questionnaire with college-age non-science majors. The questionnaire’s first query is, “I enjoy learning the science.” They found that (in 2007) non-science major males and females reported the same level of motivation to learn science. An exploratory factor analysis confirmed that the “enjoy science” query fell under the largest of the five dimensions for learning science, i.e., intrinsic motivation/personal relevance. Our population of 5th graders included a mixture of some students who would presumably go onto become science majors. Research on science identity trajectories over time are limited and they usually start with older students; such research “largely focuses on a select group, namely college students. A few studies chart science identity development during high school and for individuals who do not attend college.” p. 2396 (Puente et al., 2021).

We have also not seen a three time point, science identification query for 5th graders that started at a science center/museum and ended up in the students’ classroom. We hypothesize that location of the test may influence response. One reason for the “liking science” decrease from pretest to posttest result may be that at pretest there were situational and social desirability effects that influenced the children when they first arrived at the science centers and museums. The children were bussed on field trips. They were excited to be in a new environment and they were surrounded by adults whom they (appropriately) assumed “liked science.” These students may have felt they were supposed to like science as well. This sort of location-based social desirability effect may be caused by impression management (IM; Lautenschlager and Flaherty, 1990), which is a conscious action. The students may have been biased in wanting to upgrade others’ impressions of them; IM in surveys is known to be influenced by contextual factors (Lautenschlager and Flaherty, 1990). Given that the pretest “like science” scores were perhaps inflated, it appears that a meaningful decrease occurred; however, it may be the case that posttest scores are the truer, more reflective scores representing students’ affect of liking science (albeit potentially mixed with platform viewing effects). A recent meta-analysis on pro-environmental activities (e.g., reported recycling) showed that even though social desirability effects may be small (0.08 to.13), such effects should not be completely disregarded by psychologists as potential confounders (Vesely and Klöckner, 2020).

We further hypothesize that by posttest, when queried for a second time, some of the social desirability effects would have attenuated since the students were becoming acclimated to the environment and the testers over the intervening 1.25 h. If we consider the posttest measurements to reflect more accurate scores, then we also must take into account that those scores could potentially have been influenced by film viewing condition. If reduction of social desirability is occurring at the same time that condition is effecting “liking science,” then the slope of interest may not be from pretest to posttest, but from posttest to followup. Followup testing occurred back in the students’ 5th grade classrooms, so there would be even less of a prime for impression management with the final followup scores. The posttest to followup slopes in the three more immersive conditions were stable, and only the Small Screen condition further declined after 2 months. The final ANOVA showed that on average, the participants in the three giant screen formats did not significantly change in liking science from post to followup; however, those who saw the film on the Small Screen decreased significantly in liking science over 2 months. Perhaps watching an adventurous science film on larger and more immersive formats encouraged students to continue liking science even 2 months after viewing. In conclusion, we stress that it is difficult to generalize about “liking science” from an experience with one film.



RQ1 – Attitude – Like science by gender

The male “like science” scores basically decreased monotonically from pretest to posttest to followup. The females also decreased from pretest to posttest (again, perhaps reflective of the social desirability effect for both genders). Interestingly, for the females only, by followup the more immersive 3D flat and Dome conditions are starting to increase in liking science while the two less immersive conditions continue to decrease for the females. It may be that upon reflection after 2 months of time, the females in the more immersive formats were influenced by that immersivity to be more positively inclined to liking science. The results for an immersivity effect at followup are being driven by the females and not the males. A previous study (Salmimaa et al., 2009) showed that females were differentially affected by viewing a 2D versus 3D film. These results suggest that the two highest immersion conditions of 3D and Dome were associated with a positive and upward inclination from posttest to followup for females only in liking science.



RQ1 – Attitude – Be a Scientist

The second attitude question addressed whether students wanted to be scientists when they grew up. The Small Screen and Dome conditions were the lowest at posttest in wanting to be a scientist. Again, due to social desirability effects, it may be more accurate to take the posttest score as the true score and look at the difference from posttest to followup. The time variable in the models was not a significant simple predictor, nor was it predictive in an interaction with condition and gender. However, at the followup time point, the three more immersive conditions increased in their desire to be a scientist. The hypothesis is that, on average, students who saw the three giant screen formats may have been more moved by the experience and it may have altered their desire to be a scientist. Perhaps with reflection, students in the more immersive giant screen conditions were able to relive and retain some of the interest and excitement felt during the viewing of the film? The next question is whether this was the same for males and females.



RQ1 – Identity – Be a scientist by gender

When the conditions are split by gender, we see that Small Screen females started the lowest in their desire and stayed low at all three time points in their desire to be a scientist; however, the males in the Small Screen condition actually started at the highest point at pretest, but they dropped steeply at both post and followup. The males seemed to more affected by the lowest immersivity condition compared to the females. Intriguingly, all males at followup showed little variability by group condition, all conditions clustered around 2.5. While the females varied by condition at followup and in the two most immersive conditions (similar to the previous variable of “liking science” the 3D and Dome), the females reported averages higher than the males for a desire to be a scientist. Per the Salmimaa et al. (2009) study, there is some evidence that higher immersivity affects females differently. In that study, the females in the 3D condition reported significant differences for deeper feelings of “psychological immersion” and engagement; they reported that the females concentrated more on the movie and that everything in the virtual world looked “more real and vivid,” compared to the males in that study. Apparently females in those two more immersive viewing groups were not negatively affected by in wanting to be a scientist seeing a male protagonist.



RQ 2 – Science knowledge

There was a significant linear effect of time for all four viewing conditions, showing that at posttest and followup all had learned more about natural selection. There were no significant conditional interactions. At posttest, all four viewing conditions appear to increase in declarative knowledge on the science topic equivalently, with Small Screen retaining somewhat less after 2 months (a statistical trend). There had been no gender effects predicted, and none were found.

The prediction had been that those in the more immersive conditions would learn and retain more science knowledge. In the Price et al. (2014) study, they hypothesized that viewing content in 3D “has limited benefit when used with simple visualizations and tasks. It is best used for more complex and demanding situations. Stereoscopic films can expose the audience to a longer interaction with an object by fluidly showing it from many angles and with many different relations with its surroundings.” This leads to questions regarding content fit and format. The science content learned in the Amazon Adventure film was not particularly multidimensional in its nature, thus it may not have been a good “fit” for the multidimensional format. Examples of multidimensional STEM phenomena include electromagnetic waves and protein folding. There is a call for designers and creators to design content that is enhanced by the format’s affordances using 3D media (Johnson-Glenberg, 2018, 2019) and in augmented reality (AR) as well (Radu and Schneider, 2019). If a 3D film might leave a more accurate and lasting image of “a highly spatial scientific object” (Price et al., 2014), then the content of the film should highlight the multiple dimensions of objects and content in the film. We note that STEM-detail 3D effects (e.g., panning around the entire butterfly) were not in the current film.

The film was more of a biography than a traditional STEM education production. The hazards and joys of collecting specimens were highlighted, and perseverance was a theme throughout, but explicit instruction of certain science topics occurred infrequently. Again, there is one specific passage where Bates does a “think out loud” as he realizes that one species has evolved to mimic another. We see an overlay on the screen of both the mimic and model butterfly species, but it is not a dynamic 3D shot. One prediction had been that in the more immersive and especially 3D scenarios, the overlay and the detail in that scene would have resonated (been encoded) differently depending on audience viewing condition. Significant effects on comprehension of natural selection and mimicry were not unearthed, at least not with the more traditional, text-based format of assessment. Perhaps conditional knowledge differences would emerge when measured with a more visual and gamified assessment?



RQ3 – Performance on the natural selection videogame

At pretest, the groups in the four viewing conditions (smaller subset) played similarly in the game. However, after viewing the film, significant conditional differences emerged. At posttest and followup, all students warmed up playing the easier orange Set 1 of butterflies. Analyzing only the more difficult Set 2 performance, it appears that the two flat giant screen conditions performed significantly better at both posttest and at followup. All conditions improved the second time they played Set 2 at followup, but the two flat giant screen conditions (2D and 3D) maintained their leads. The pattern can be explained as follows: students in the two large screen conditions that viewed the content not on a curved Dome screen, or a small screen, performed significantly better on the natural selection butterfly game after the film and on the two-month followup test. We are not certain why the Dome condition was not as positively affected as the two other giant screen conditions since Dome is considered to be the most immersive. For some students there may be an inverted U shaped function across levels of immersivity for learning in a large curved Dome? Anecdotally it has been noted that very large Domes can sometimes feel too engulfing and intense.



RQ3 – Butterfly tablet game performance by gender

At pretest with the smaller subset, there were no gender differences. It had been predicted that males would play better because, on average, males spend two to three times more time per day on videogames than females (Greenberg et al., 2010; Rideout et al., 2010; Twenge and Martin, 2020). We had not expected that the females would perform better on the tablet videogame compared to the males at both posttest and followup. This suggests that we designed a game that was appealing to both genders, but especially for the females.



Gameplay takeaways

When designing assessment games, it is important to pilot test frequently with the appropriate age group. There were multiple pilot iterations on the butterfly test at a local middle school with mixed gender 4th and 5th graders. After each playtest, the design team learned how to enhance the game mechanics and test sensitivity on the measure, e.g., how to more appropriately level up the difficulty, adjust the flight time of the butterflies, decrease the amount of distractors (e.g., there should be no falling leaves onscreen, etc.). We believe the game was, therefore, well-calibrated for 5th graders. Although there was a timer of 1 mins for capturing the butterflies in each level, this did not feel like a ‘twitch-style’ game (a typical fast, shooter-style game). A recent survey showed that only 7% of young females play shooter games (Yee, 2017). Females tend to play more puzzle and world-building games, 69% female (Yee, 2017) and they prefer some strategy. A survey by Greenberg et al. (2010) with 141 female 5th graders revealed that the “traditional” games were their favorites (e.g., classic board games, puzzles), and they least preferred what are called “physical games (Sports, fighters, shooters, and racing/speed genres).”

It appears that the students in the two giant screen (non-curved) formats did better on this natural selection game post-viewing. Students in the immersive giant screen format of Dome did not perform as well and it may be that there is something overwhelming about the most immersive experience that may somewhat attenuate knowledge acquisition when that knowledge is embedded in an ‘adventure’ film. Meshing action/adventure with learning science content in a very immersive format may affect learning in ways that are not well understood – that is, there may be a film genre by content by platform interaction. Future research could focus on a narrative vs. expository genre comparison, and consider crossing those studies with film viewing platform.



Gamification of assessments

The butterfly game was designed to assess a different “type of deductive learning,” one that would not be contingent on declarative recall. It was also designed to be an engaging proxy for traditional knowledge tests. The gamification of educational assessment (Arena and Schwartz, 2014; Johnson-Glenberg et al., 2015; Shute et al., 2020; Zainuddin et al., 2020) and job-based skills assessment (Armstrong and Landers, 2018; Landers and Sanchez, 2022) is a growing field. Designers need to be cognizant of the gender differences in game preference, and potentially, gender differences in expertise in a certain types of play. The highly visual and interactive butterfly gameplay correlated significantly with the more verbal and declarative science knowledge measure in this study, but there was still a large amount of unexplained variance. Using a more engaging format to assess knowledge may help some students, especially those with test anxieties, to stick with the task. The assumption is that the butterfly game was more engaging because multiple children asked to play the tablet game again, and we never heard that request at the end of the more traditional paper tests [additionally, previous RCT research from our lab shows that adding a game component makes a STEM learning task more engaging (Johnson-Glenberg and Megowan-Romanowicz, 2017)].

If the butterfly game were measuring the exact same knowledge as the more verbal and declarative test then one would expect to see more variance accounted for (beyond 4%) and to see the same group-wise, conditional performance. However, on the more verbal science knowledge test, the Dome condition performs on par with the two other Giant Screen conditions (see Table 10), whereas on the butterfly game, the Dome condition performed significantly worse compared to the 2D GS and 3D flat GS conditions. So, the butterfly game must be tapping into some different constructs. The butterfly game is a multi-faceted task and may be tapping into constructs more aligned with general intelligence or g (Carroll, 1993). The term g stands for the general positive manifold, i.e., the all-positive pattern of correlations among diverse cognitive tests. It is generally agreed upon by researchers that multiple cognitive processes are part of intelligence and that the strongly correlated test performance seen over decades across multiple tasks is an emergent property of intelligence (Kovacs and Conway, 2016). Appendix C on game design lists some of the multiple mental and physiological components that must be activated to play our videogame well. Thus, the tablet gameplay on the butterfly assessment probably tapped into more divergent processes (e.g., perception, sensor-motor skills, etc.) than the verbal, more traditional natural selection science knowledge questions asked in a text-based, declarative manner. The butterfly videogame may overlap in assessing overall g and is not a pure, domain specific natural selection assessment. This is not necessarily a limitation, but it is something that should be highlighted if instructors or researchers wish to use interactive videogames like these in the future (especially ones with a motoric component like finger taps). Gamifying an assessment may increase engagement and motivation, but there can also be unexpected randomness in the method of play that children use – as seen with the few players who said they wanted to only “capture every butterfly” and did not play seriously.




Limitations


Differential post-viewing instruction

As with many real world intervention studies, it is difficult to determine if teachers covered more content on natural selection in the two intervening months from posttest to followup. We did not systematically query the teachers. Research shows that, in general, most teachers do little or no pre-trip nor post-trip preparation for science center visits (Cox-Petersen and Pfaffinger, 1998).



Truncated pretest N

This research is part of larger study with two arms. All of the variables analyzed in this article were administered in the tablet-based arm of the study. The first author could not prevail to get all students in the cohort pretested with the tablet. Where appropriate, Maximum Likelihood Estimations (MLE) have been used to make up for the loss in power. Nesting and sample size issues precluded running a Solomon design analysis.



Film genre or type

STEM learning (science knowledge) differences were not seen on the more traditional knowledge test. However, the film was not a traditional STEM education film, it was more narrative, more of a “bio-pic” compared to the usual expository science education format. This may have led to smaller learning effects than expected on questions about natural selection, and have made finding differential learning gains by condition even more difficult. The knowledge tests in this study focused on mimicry in natural selection, but there were no concessions in the film to showing mimicry in a particularly immersive or 3D manner. Thus, some of the advantages for seeing content in multi-dimensions (see Price et al., 2014) may have been missed (e.g., would seeing 3D animations of wing morphology changes across generation have made a difference?). We would be interested in seeing film genre or type (narrative vs. more expository) by viewing platform studies in the future.



Testing in the wild: Time constraints

We were only allowed time for very few test questions. The students were on tight bus timetable schedules, the busses needed to be back at schools long before class dismissal and on several occasions entire classes were not able to finish the posttests (data not included in this article). Due to these constraints test questions needed to kept to a minimum. Thus, only two science identity questions could be asked. Classic and straightforward questions were chosen: (1) “I like science” and (2) “Do you want to be a scientist when you grow up?” (Moore and Hill Foy, 1997). Future studies should include more science identity questions and several with reverse coding for reliability and validity reasons. It would be of interest to ask the questions before students get to the science center and then ask them again before viewing and after viewing the film. The last two times would be at the science center and analyses would answer our hypothesis about the impression management effect.



Videogameplay test sensitivities may be gender specific

This may not be a limitation, per se, but it did surprise the researchers that the 5th grade females outperformed the males on the videogame at posttest and followup. It is an important finding and serves to remind test designers that students (aka players) are not monolithic. Yee (2019) defines six major gamer player motivations, the first is called “action” and it is defined by destruction and excitement. This is strongest in males under the age of 18. Recall that 13 of the players scored multiple zeros and played anomalously. The percentage of students who performed atypically was small =3.2%; however, 12 of those were males (92%). More research should be done on the topic of player motivations, because if a test is designed to be a rigorous, gamified assessment, test designers need to know that certain game genres may come with hidden biases that favor one gender (or player-type) over another. It may also be the case that, on average, females in 5th grade are more advanced in some of the many components of general intelligence or g that the game tapped into.

Educational game designers need to be aware that certain genders favor certain game genres, and that players’ preference rankings change with age (Greenberg et al., 2010). If younger females prefer a puzzle-like strategy game (like ours) and younger males prefer action “physical” competition games, then does that leave the males at a disadvantage? One solution might be to create a second assessment game with the same content but in a different genre, for example, a more competitive slant on the game that is strongly time-delimited and highlights leaderboards? Perhaps students should be allowed to pick the genre or version they prefer at onset? This would be expensive and time-consuming to create two versions of one educational game, but it may set to rest questions of test validity and gender bias. Another solution might be to create one broad, multi-genre game for youth that embraced multiple gameplay components (e.g., role playing, strategy, competition, some embedded puzzles as well). But, a small n study suggests there is more to gender differences than game genre and time spent playing games; Tawfik et al. (2012) suggest that several human computer interaction (HCI) components like “concept interaction, sustained challenge, directions, and navigation” affect males and females differently. These need to be kept in mind as well and should serve as instructional design principles for future educational video games construction.




Conclusion

This study assessed how viewing a Giant Screen film affected multiple science variables of interest in 5th graders. Using three time points, pretest, immediate posttest and two-month followup, the strongest pattern seen at a high level was that the more immersive Giant Screen conditions of 2D Flat, 3D Flat, and Dome outperformed the Small Screen condition. This was seen on liking science, desire to be a scientist, and on certain gains in natural selection knowledge. Using a novel game-based natural selection test, two of the higher immersive conditions performed significantly better at posttest and followup: 2D Flat and 3D Flat. The tablet-based assessment game was engaging for users and correlated with the other science knowledge measure, but it also may also tap into more cognitive and attentional constructs associated with general intelligence, or g, that go beyond knowledge about natural selection.

Interesting gender interactions were unearthed. Females in the two most immersive conditions of 3D and Dome liked science significantly more and wanted to be a scientist more according to analyses from posttest to followup. Thus, delayed effects may occur for science identities after watching Giant Screen films, and level of immersivity may differentially affect females compared to males, with the effects being greater for females. It had not been predicted that the females would play the butterfly videogame significantly better than the males at posttest and followup, but there is some evidence that more males played in an anomalous manner (just tapping for fun without regard to score) and test designers should keep this in mind as more educational assessment games are being designed and used in an applied manner. There are potential interactions between game type and gender that should be accounted for in the future when designing and interpreting games as assessments.

In sum, for two of the three research questions, the Small Screen viewing condition performed significantly worse at followup compared to the more immersive giant screen formats (2D Flat, 3D Flat and Dome). Females reported more positive changes in science identities and these were seen in the more immersive viewing conditions. Implications for science centers are that immersive giant screen viewing may have delayed effects on science identity and those effects may be more positive for girls compared to boys. Giant and immersive screens can affect liking science and wanting to be a scientist more than smaller sized screens can. Using a computerized game assessment of natural selection knowledge (in this sample of 5th graders), girls in the two flat Giant Screen conditions outperformed the boys at posttest and followup. For this age group, it may be more meaningful and precise to report future gamified test results in terms of gender by game type interactions.
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