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Abstract This study investigated the knowledge gains

and attitude shifts attributable to a unique online science

education game, Uncommon Scents. The game was

developed to teach middle school students about the bio-

logical consequences of exposure to toxic chemicals in an

environmental science context, as well as the risks asso-

ciated with abusing these chemicals as inhalants. Middle

school students (n = 444) grades six through eight par-

ticipated in the study consisting of a pre-test, three game-

play sessions, and a delayed post-test. After playing the

game, students demonstrated significant gains in science

content knowledge, with game usability ratings emerging

as the strongest predictor of post-test content knowledge

scores. The intervention also resulted in a shift to more

negative attitudes toward inhalants, with the most negative

shift occurring among eighth grade students and post-test

knowledge gains as the strongest predictor of attitude

change across all grade levels. These findings suggest that

the environmental science approach used in Uncommon

Scents is an efficacious strategy for delivering both basic

science content and influencing perceived harm relating to

the inhalation of toxic chemicals from common household

products.

Keywords Game-based learning � Science-based drug

education � Environmental education � Toxic chemicals �
Body pollution � Attitudes toward inhalants � Video game

Introduction

By middle school, students typically understand that drug

abuse can have serious health consequences; what is

missing is the how and why. The explanation of the bio-

logical effects of drugs in the body, however, requires an

understanding of the normal functions of body systems.

The underlying science used to explain these functions is

encompassed in the National Science Content Standards

(National Research Council 1996). For example, in the

middle grades, Science Content Standard C relates the need

for students to develop an ‘‘understanding of structure and

function of living systems’’ and Standard F addresses

developing an ‘‘understanding of personal health.’’ Exist-

ing science-based drug education programs have been

proven to be very effective in teaching relevant knowledge.

For example, Brain Power! (Holtz and Twombly 2007) and

The Doubles (Epstein et al. 2007), both funded by the

National Institute on Drug Abuse, were successful in

increasing students’ knowledge about the biological effects

of drugs in elementary and middle school populations.

The ongoing reduction of health classes from school

curricula in many U.S. states, despite the mandate to

address drug education in middle school, poses a real

dilemma for educators (Kann et al. 2007). Many school

districts are seeking ways to accomplish these dual goals,

given a shrinking cadre of school-based health educators/

drug prevention specialists and the increasing demands of

high stakes testing in science. How might the integration of
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drug education into the science curriculum be accom-

plished in a realistic and effective way?

The science education game Uncommon Scents was

developed to teach science content aligned with state and

national standards and to discourage adolescents from

experimenting with inhalants. This study was designed to

assess whether Uncommon Scents met these two different,

yet complementary, goals.

Background

Inhalants as a Drug Education Topic

With a Science Education Drug Abuse Partnership Award

from the National Institute on Drug Abuse, Uncommon Scents

was developed to teach middle school students about the

biological consequences of exposure to toxic chemicals and

the risks associated with abusing these chemicals as inhalants.

Uncommon Scents is part of a series of science education

games dealing with substances of abuse (http://recon

structors.rice.edu). Prior research demonstrated that the two

previously developed games in this series increase middle

school students’ knowledge about the drugs and their harmful

biological effects (Miller et al. 2002; Miller et al. 2006).

The urgency of addressing inhalants occurs for several

reasons. Inhalant abuse is most common among younger

adolescents whose knowledge about the adverse biological

effects of the inhaled chemicals is minimal. In the 2009

Monitoring the Future survey, 8.1% of eighth graders sta-

ted that they have used inhalants at least once in the past

year, compared to 6.1% of tenth graders and 3.4% of

twelfth grader (Johnston et al. 2009). The preference of

inhalant abuse among eighth graders is very different from

any other drug abused by adolescents (Johnston et al. 2009;

Wu and Ringwalt 2006; Neumark et al. 1998), possibly due

to the fact that household products, such as glues, paints,

and cleaners that can be subject to abuse may be found in

almost any cleaning cabinet (Balster 1998; Balster et al.

2009). Even though some U.S. states have recently banned

the use, possession, or distribution of inhalants to minors

(Spigel 2009), for the most part, these products are cheap

and legal to purchase and possess.

Additionally, the number of both eighth and tenth graders

who think that people risk self-inflicted harm when they try

inhalants is steadily declining, prompting researchers to

describe this phenomenon as ‘‘generational forgetting.’’

Similarly, although the disapproval rate for inhalant abuse is

at 80% among eighth and tenth graders, it has gradually

declined since the beginning of this decade (Johnston et al.

2009). The perceived harmlessness of inhalant abuse among

many adolescents is in clear contrast to its severe health

consequences. One of the acute effects of organic solvent

inhalation is Sudden Sniffing Death, which results from

cardiac arrest due to rapid release of adrenaline (Shepherd

1989; Bass 1970). Effects of nervous system damage caused

by inhalants include muscle weakness, tremor, cortical

atrophy, hearing loss, and cognitive impairment such as

memory and attention deficits (Rosenberg et al. 2002;

Brouette and Anton 2001; Williams and Storck 2007). Other

health consequences include renal, lung and liver damage,

bowel and bladder dysfunction, dermatitis, and reproductive

toxicology (Brouette and Anton 2001; Jones and Balster

1998; Hannigan and Bowen 2010).

Inhalants as a Science Education Topic

The framework for integrating the information about

inhalants into substantial science content in Uncommon

Scents was a holistic environmental science approach

based on an inhalant abuse curriculum developed by Isabel

Burk, director of The Health Network (Adams and Morgan

2007). Rather than targeting inhalant abuse directly,

Uncommon Scents focuses on the hazards of toxic chemi-

cals in common household products and how to avoid

exposure to these toxins. Presumably, framing the issue in

this manner enables adolescents to recognize inhalants as

toxins rather than drugs per se and to draw their own

conclusions about the wisdom of using inhalants (Adams

and Morgan 2007). The analogy to environmental pollu-

tion, endorsed by the National Inhalant Prevention Coali-

tion (NIPC), holds a stronger science-based message

approach than a ‘‘just say no’’ drug education message.

Harvey Weiss, director of the NIPC, argues, ‘‘The only

valid way to prevent inhalant abuse is through education

and awareness that these aren’t drugs, they’re poisons and

toxins’’ (quote in Fritz 2006). In addition, this approach

also leverages the concerns many adolescents already have

about air pollution and allows them to make the connection

between air pollution caused by release of toxic chemicals

and ‘‘body pollution’’ caused by inhaling these chemicals.

To allow teachers to tie Uncommon Scents with envi-

ronmental lessons and with the circulatory or nervous

system (topics which middle school teachers currently

teach), the game includes examples of how breathing in

toxic fumes, either purposely or accidentally, damages the

body. Simultaneously, the learning objectives covered in

the game are aligned to National Science Content Stan-

dards (National Research Council 1996) and the Bench-

marks for Science Literacy (American Association for the

Advancement of Science 1993) for middle school.

Instructional Design of Uncommon Scents

Uncommon Scents was produced through an iterative

design process that engaged researchers, clinicians,
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educators, and students. In the game, the player enters a

futuristic world in which he or she assumes the role of an

agent for the Environmental Protection Agency in the fic-

tional city of Neuropolis. The problem-based scenario

charges the player with the urgent investigation of a haz-

ardous chemical spill at a factory in Neuropolis. The nar-

rative serves to set a motivational context (i.e., situates the

learning), to allow students to inhabit a role in the game,

and to provide structure to the scientific content, all con-

tributing factors to the effectiveness of educational games

(Squire 2006; Squire and Jan 2007; Barab et al. 2009;

Brown et al. 1989; Dunleavy et al. 2009). In order to solve

the case presented in the game, students need to gather

information about the health effects of exposure to toxic

chemicals. Thus, the game was intended to offer teachers a

vehicle for student engagement and motivation, key parts

of the learning cycle. The storyline is presented episodi-

cally, with each episode approximately 30 minutes in

length. Episode One and Two end with a ‘‘cliff-hanger’’

intended to serve as an incentive for the player to continue

to the problem’s final solution.

During the game, the player visits different locations,

communicates with virtual characters, and engages in vir-

tual experiments, analyses, and interactive simulations

(Table 1). In order to avoid cognitive overload and dis-

orientation, which is often associated with purely

exploratory learning models, the game uses guided dis-

covery to promote constructive learning (Mayer 2004):

while players have some freedom in their decision what to

do next in the game, specific instructions keep them on the

right path and hints on what to do next are available,

though optional. Positive and negative feedback were built

into each interactive segment. Players may ‘‘ask’’ the

characters in the game for advice and suggestions by

clicking on them. Quizzes were woven throughout the

segments as checks for understanding to guard against the

accretion of incorrect facts or assumptions. Figure 1 pro-

vides a screen capture illustrative of a check for under-

standing in the game.

Although the primary goal of Uncommon Scents was

science-based drug education, we also expected that

exposure to accurate knowledge about the dangers of

inhaling toxic chemicals would result in more negative

attitudes toward inhalants. An important strategy employed

for achieving an attitudinal shift is the game’s avoidance of

direct and fear-based anti-inhalants messages, which have

been proven to be less persuasive than non-threatening,

indirect messages (Crano et al. 2007; Frey and Eagly

1993). Instead, players learn about inhalants in the context

of investigating a chemical spill. The goal was to make

adolescents appreciate the risks associated with accidental

exposure to organic solvents, thus leading them to question

Table 1 Goals, activities, and intended conclusions from each episode of Uncommon Scents

Episode one

Goal Investigate a spill in a chemical plant that produces organic solvents.

Activities • Gather information about the health effects of exposure to organic solvents.

• Complete a safety training on how to avoid exposure to organic solvents.

• Correctly identify the spilled chemical as the organic solvent toluene.

• Connect the symptoms and presence of toluene in the blood in affected workers to the chemical exposure with epidemiologic

testing.

Conclusion A worker had toluene in her blood and displayed symptoms typical for exposure to organic solvents, but was NOT exposed to the

spill. She is identified as the ‘‘outlier’’.

Episode two

Goal Follow the case of the outlier.

Activities • Learn about hazardous household products, label warning signs, and how to use, store, and dispose of these products safely.

• Sort products based on their chemical composition.

• Perform tests for memory and selective attention that illustrate the effects of exposure to toxic paints and glues on brain functions.

Conclusion The outlier may have purposely inhaled toxic chemicals.

Episode three

Goal Gather scientific facts about the health consequences of inhaling toxic chemicals.

Activities • Analyze magnetic resonance images of the brain for effects of long-term inhalant abuse.

• Conduct an experiment to determine behavior of mice after exposure to toluene and learn about the important role of animal

research.

• Perform an experiment that illustrates sudden sniffing death syndrome.

• Construct an informational website about the dangers of exposure to toxic chemicals in household products based on what has

been learned.

Conclusion Exposure to organic solvents can cause brain atrophy and nervous system damage, as well as sudden death due to heart failure.
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the judgment of purposely inhaling these toxic substances.

Uncommon Scents was designed to provide a ‘‘stealth’’

prevention message in which scientific facts are presented

to adolescents in an effort to change their attitudes (Holtz

and Twombly 2007).

Specific Research Questions

1. Knowledge acquisition: will Uncommon Scents be

effective in teaching middle school students about the

biological effects of toxic chemicals in the

environment?

2. Attitude change: compared to baseline, will students

report more negative attitudes toward inhalants after

playing Uncommon Scents?

Research Design

Participants

We sent an online solicitation to middle school science

teachers who had volunteered at various professional

development workshops and offered each teacher an

incentive of $250 for organizing the field test. The

requirements for inclusion were: (1) endorsement from the

school principal, (2) availability of at least 50 students

from intact classes, (3) collection of parental and student

informed consent, (4) guarantee of adequate computer

access, and (5) assurance that teachers had not previously

taught any of the content covered in Uncommon Scents to

the group of students involved in the study.

The final sample included nine teachers’ classes from

seven public schools and two private schools in seven U.S.

states and consisted of 444 students (47% male) with 55

sixth graders, 276 seventh graders and 113 eighth graders.

The student population represented 41.2% from urban

areas, 39.4% from suburban areas and 19.4% from rural

areas. Most respondents described themselves as Cauca-

sian/White (62.8%), followed by Hispanic/Latino (20.9%)

and African-American/Black (6.1%). The remaining stu-

dents reported their ethnicity as Asian/Pacific Islander

(4.2%), Native American (1.3%), or other (4.7%). In order

to validate the representation of socio-economic status

diversity in the sample, students were assigned to one of

three economic groups as operationalized by free/reduced

lunch percentages of the total school population. One of the

schools was categorized as high disadvantage (more than

60% of students received free/reduced lunch), three schools

as middle disadvantage (29–59% of students received free/

reduced lunch), and five schools as low disadvantage (less

than 29% of students received free/reduced lunch, includ-

ing two private schools). The final sample contained 14.2%

high disadvantage students (n = 63), 45.7% middle dis-

advantage students (n = 203), and 40.1% low disadvan-

tage students (n = 178).

Procedure

All students who provided parental consent participated in

5 sessions, each lasting approximately 45 min, in the

schools’ computer labs. During Session One, students were

presented with a brief assent form that explained the

research and the purpose of the study, giving them a second

option to decline participation. In a subsequent screen,

students were asked for some basic demographic infor-

mation (e.g., grade, gender) and an identification number

that had been assigned to them by their teachers. The

subsequent screens included the pre-test of content

Fig. 1 Screen shot of a check

for understanding during a

virtual experiment in

Uncommon Scents. In the

experiment, the player exposes

mice to air (control group) or

toluene (experimental group),

respectively, and observes their

burying behavior (López-

Rubalcave et al. 2000)
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knowledge and an assessment of attitudes toward inhalants.

During Sessions Two, Three, and Four students played the

first, second, and third episode of Uncommon Scents,

respectively. Requirements for these sessions were that (1)

Session Two was scheduled with a minimum delay of three

days after Session One (the longest delay was five days),

and (2) the sessions were administered on three different

days spread over the course of a maximum of two weeks

(the longest spread was ten days). Session Five was

scheduled with a minimum delay of three days after fin-

ishing Session Four (the longest delay was seven days) to

test if students retained the content knowledge and inclu-

ded assessment of satisfaction, game usability, the identical

assessment of attitudes toward inhalants used in Session

One, and the post-test of content knowledge. Again, stu-

dents were asked for their identification numbers to facil-

itate matching of pre- and post-test results while assuring

their anonymity. Teachers were instructed to avoid pre-

teaching the content and to refrain from providing a review

of content until after the field test concluded.

Measures

Content knowledge. The content knowledge scale consisted

of 30 items that reflected basic information accessible to

the player within Uncommon Scents. The test items were

developed based on consensus advice from teachers and

the results of an informal content knowledge assessment

performed with 56 seventh grade students different from

the participants of the field test. All items were presented as

multiple-choice questions with four response options. The

majority of the questions (12 of 30) asked about health

effects of exposure to toxic chemicals (e.g., ‘‘What happens

to toxic chemicals in the body after inhaling?’’ Answer:

They are absorbed into the bloodstream. Other content

areas included the nervous system, the nature of organic

solvents, and hazardous household products (e.g., ‘‘How

can household products pollute the air?’’ Answer: They can

give off toxic vapors). The internal consistency reliability

(Cronbach’s a) was .61 for the content knowledge pre-test

and .86 for the post-test.

Attitudes. The attitude questions included three scales:

satisfaction, game usability, and attitudes toward inhalants.

For each scale, participants read statements and rated their

level of agreement on a five-point Likert-scale from

1 = ‘‘strongly disagree’’ to 5 = ‘‘strongly agree.’’ The

attitudes toward inhalants scale was developed on the basis

of the General Attitudes Towards Drug Use measure

(Epstein et al. 2007) and consisted of ten items (e.g.,

‘‘There is really nothing wrong with using inhalants.’’). The

scale was coded so that 1 = most negative and 5 = most

positive attitude toward inhalants. Some items, however,

were reverse coded (e.g., ‘‘Using inhalants is risky for your

health.’’). The internal consistency reliability (Cronbach’s

a) for this scale was .85 for the pre-test and .88 for the post-

test.

The satisfaction scale has been used and validated in

previous studies of similarly formatted games. It contained

three items to assess how well participants liked the game

(e.g., ‘‘If there were more games like this, I would play

them.’’). A game usability scale consisting of three items

was developed to assess how students rated the game in

terms of game play difficulty (e.g., ‘‘It was easy to find out

what to do next while playing the game.’’). Internal con-

sistency reliabilities (Cronbach’s a) were .83 for satisfac-

tion and .59 for game usability.

Results

Of the original sample of 610 middle school students who

consented and completed the pre-test, the data from 167

were excluded from analyses because of duplication of

identification numbers (n = 14), or because students did

not complete the study, either because they missed one or

more of the three episodes of the game (n = 47), or

because they missed the post-test (n = 105). Teachers

confirmed that the typical reason for non-completion was

absenteeism and that none of the students in the original

sample opted out or declined participation. The final

sample included 444 students.

Acquisition of Content Knowledge

The group mean for content knowledge test scores

increased from 13.60 (SD 4.05; 45.3% correct) before

playing Uncommon Scents to 17.63 (SD 6.53; 58.8% cor-

rect) after playing the game (Table 2). The comparison of

delayed post-test performance with pre-test performance

on content knowledge using a paired sample t-test revealed

that this increase was significant (t(443) = 17.53, p \ .01)

with a large effect size (Cohen’s d = 1.33; Cohen 1988).

Changes in Attitudes Toward Inhalants

Comparison of pre-test and post-test attitude scores

revealed that students’ attitudes toward inhalants changed

to the negative (pre-test mean 1.79, SD 0.60; post-test

mean 1.65, SD 0.625) after playing Uncommon Scents

(Table 2). A paired sample t test revealed that this attitude

shift was significant, although the magnitude of the change

was relatively small (t(443) = 5.47, p \ .01; Cohen’s

d = .37).
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Satisfaction and Game Usability

Group means were 3.75 (SD 0.85) for satisfaction with the

game and 3.60 (SD 0.71) for game usability (Table 2).

Differences Between Genders

To analyze whether knowledge gains differed between

genders, a repeated measures ANOVA was conducted

using the General Linear Model (GLM). Pre-test content

knowledge and post-test content knowledge were entered

as two repeated measurement occasions and gender was

entered as a between-subject variable. The analysis sug-

gested a difference between genders at the p \ .05 level

(F (1, 442) = 4.56, p = .03). The group means revealed

that knowledge gains were slightly higher among female

students (pre-test mean 13.57, SD 4.06; post-test mean

18.05, SD 6.21; n = 237) compared to male students (pre-

test mean 13.65, SD 4.04; post-test mean 17.15, SD 6.86;

n = 207).

Another GLM analysis was done with pre-test and post-

test inhalant attitudes entered as two repeated measurement

occasions and gender entered as a between-subject vari-

able. There was no evidence of interaction between gender

and attitudes toward inhalants (F (1,442) = 2.01, p = .16).

An independent sample t-test with female and male stu-

dents revealed that neither satisfaction nor game usability

ratings differed between genders (satisfaction: t(442) =

-.22, p = .83; game usability: t(442) = -.33, p = .74).

Taken together, although female students benefited slightly

more from the game than male students with regard to

content learning, there was no difference between genders

in the magnitude of the change of attitudes toward inhal-

ants as well as satisfaction and usability ratings.

Differences Across Grades

To investigate possible differences in knowledge gains

across grades, a GLM analysis was conducted with pre-test

and post-test content knowledge entered as two repeated

measurement occasions and grades entered as a between-

subject variable. Because eighth graders are the demo-

graphic with the highest usage of inhalants (Johnston et al.

2009), we focused on this age group and combined sixth

and seventh graders. There was no difference across grades

in content knowledge acquisition (F (1,442) = .63,

p = .43). When pre-test and post-test inhalants attitudes

were entered as two repeated measurement occasions and

grades were entered as a between-subject variable in a

different GLM analysis, a significant interaction between

grade and attitude change was observed (F (1, 442) =

19.92, p \ .001). As seen in Fig. 2, the biggest change in

attitudes toward inhalants occurred in eighth graders (pre-

test mean 1.88, SD 0.57; post-test mean 1.54, SD 0.54),

whereas the attitude change in the combined group of

grades six and seven was of a smaller magnitude (pre-test

mean 1.76, SD 0.61; post-test mean 1.69, SD 0.65). An

independent sample t-test with eighth graders and com-

bined sixth and seventh graders revealed that neither sat-

isfaction nor game usability ratings differed between

grades (satisfaction: t(442) = .62, p = .54; game usability:

Table 2 Test scores (mean, SD) and correlations between study variables (1–6.). Reliabilities (Cronbach’s a) on the diagonal

Mean SD 1. 2. 3. 4. 5. 6.

1. Pre-test content knowledge 13.60 4.05 (.61)

2. Post-test content knowledge 17.63 6.53 .674** (.86)

3. Pre-test inhalants attitudes 1.79 0.60 .307** .306** (.85)

4. Post-test inhalants attitudes 1.65 0.625 .347** .474** .585** (.88)

5. Satisfaction 3.75 0.85 .073 .148** .222** .216** (.83)

6. Game usability 3.60 0.71 .141** .247** .169** .206** .462** (.59)

** p \ .01; n = 444

Fig. 2 Interaction between attitudes toward inhalants and grade.

1 = most negative and 5 = most positive attitude toward inhalants.

Grades six and seven combined pre-test: mean 1.76 (SD 0.61), post-

test: mean 1.69 (SD 0.65). Grade eight pre-test: mean 1.88 (SD 0.57),

post-test: mean 1.54 (SD 0.54)
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t(442) = -.37, p = .71). Thus, although students in the

two groups evidenced similar content knowledge gains and

satisfaction and game usability ratings, the game had a

bigger effect on eighth graders than on students in lower

grades with regard to changing attitudes toward inhalants.

Predictors of Content Knowledge Acquisition

and Change of Attitudes Toward Inhalants

As shown in Table 2, scores on pre-test and post-test

content knowledge were correlated with each other, and

they both significantly correlated with the pre-test and the

post-test attitudes toward inhalants. Satisfaction with the

game and game usability were also significantly correlated

with post-test content knowledge and post-test attitudes

toward inhalants.

Given the correlations among the variables, the inde-

pendent contribution of the potential predictors was

examined by conducting a hierarchical multiple linear

regression (Table 3). In the hierarchical multiple regression

model, post-test content knowledge was entered as the

criterion variable, and pre-test content knowledge was

entered in the first step to control for prior knowledge and

to examine how much of the remaining variance could be

accounted for by the potential predictors (satisfaction and

game usability). In the second step, satisfaction and game

usability ratings were entered. This analysis revealed that

after controlling for pre-test content knowledge, percep-

tions of game usability accounted for significant incre-

mental variance in post-test knowledge scores (b = .14,

total R2 = .48, p \ .01), whereas satisfaction with the

game had no influence. The results suggest that the easier a

player found the game mechanics, the more likely he/she

learned from it.

To address the question whether knowledge related to

inhalants can change attitudes toward inhalants, a second

regression analysis examined the predictors of attitude

change toward inhalants (Table 4). Post-test attitudes

toward inhalants were entered as the dependent variable;

pre-test attitudes and pre-test content knowledge were

entered in the first step as the controlled-for variables. Post-

test content knowledge was entered in the second step.

After controlling for pre-test attitudes toward inhalants and

pre-test content knowledge, performance on the content

knowledge post-test was a strong predictor of post-test

attitudes toward inhalants (b = -.35, total R2 = .44,

p \ .01), demonstrating that the more students learned

from Uncommon Scents, the more their attitudes toward

inhalants shifted to the negative.

Discussion

The reported results indicate that Uncommon Scents was

successful in improving adolescents’ science content

knowledge. The concern that the gain scores reflect only an

average of 58.8% on the post-test can be mediated by

several factors. First, the total intervention exposure was

less than three hours. Second, testing the power of the

game in the absence of any classroom reinforcement cre-

ated a somewhat artificial situation. It could be argued that

under normal science classroom conditions, teachers would

provide guided inquiry, hands-on activities, and follow-up

discussion, thus boosting the learning gains. Additionally,

the finding of no interaction between grade and content

knowledge acquisition reaffirms that the game is well tar-

geted to students across all middle school grades.

The finding that female students learned slightly more

from the game than male students is surprising because in

previous studies both genders benefited equally from sci-

ence-based digital games (Joiner et al. 2010; Epstein et al.

2007). A more detailed assessment of factors that might

have contributed to the gender differences, such as the

game’s understandability and credibility, would be

important for the development of future educational games

that are equally effective among both genders.

Not surprising was the finding that pre-test knowledge

was the main contributing factor to post-test knowledge

gains. After controlling for pre-test knowledge, the

Table 3 Predicting post-test content knowledge scores controlling

for pre-test content knowledge

Predictor DR2 b

Step 1 .45**

Pre-test content knowledge .67**

Step 2 .03**

Pre-test content knowledge .65**

Satisfaction .04

Game usability .14**

Total R2 .48**

** p \ .01; n = 444

Table 4 Predicting post-test attitudes toward inhalants controlling

for pre-test content knowledge and pre-test attitudes

Predictor DR2 b

Step 1 .37**

Pre-test inhalants attitudes .53**

Pre-test content knowledge -.19**

Step 2 .07**

Pre-test inhalants attitudes .49**

Pre-test content knowledge .04

Post-test content knowledge -.35**

Total R2 .44**

** p \ .01; N = 444
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usability of the game was found to be the only factor that

accounted for variance in post-test content knowledge

scores. Students who reported less difficulty with the game

play may have expended less cognitive effort on deci-

phering the game mechanism and more cognitive effort on

the game content, resulting in higher content knowledge

gains. One concern is that the internal reliability of the

game usability scale was relatively low, which might be

attributable to the fact that the scale only had three items.

However, it can be expected that if the scale were more

reliable, the contribution of game usability to explain the

variance in content knowledge gains would be even larger.

Future research is needed to refine the game usability scale.

Overall, the usability of the game was rated slightly above

average. Thus, increasing the ease of game play might

improve student learning as long as the game is challenging

enough to keep students engaged and excited. Satisfaction

with the game, however, was not found to have any signif-

icant influence on post-test content knowledge scores,

indicating that students learned from the game regardless of

their satisfaction. Even though the game had the desired

outcome in terms of content knowledge gain, a satisfaction

rating that is only slightly above average leaves room for

improvement. Increased beta testing and a more detailed

assessment of student satisfaction would be important

aspects in an effort to increase the enjoyment of the game.

The second aspect of the study focused on changes in

adolescents’ attitudes toward inhalants. After playing the

game, students reported significantly more negative atti-

tudes toward inhalants than before the intervention.

Although the magnitude of the change was relatively small,

it is encouraging considering the short exposure to the

intervention and the fact that students’ attitudes toward

inhalants were already somewhat negative at baseline—

thus, there was simply very little room for movement

toward more negativity about inhalants.

While gender was not correlated with the observed

attitude shift, the analysis of grade differences revealed that

the attitude change of students in eighth grade was of a

larger magnitude compared to students in the lower grades.

Eighth graders displayed more positive attitudes toward

inhalants at baseline than younger students, which is

reflective of other studies indicating that eighth graders

represent the demographic with the highest prevalence for

inhalant abuse and the lowest disapproval rate of inhalants

when compared to older adolescents (Johnston et al. 2009).

More importantly, students in eighth grade displayed more

negative inhalants attitudes after playing the game com-

pared to younger students. Thus, although the overall

attitude change toward inhalants observed in this study was

small, the results suggest that a stronger attitude shift might

occur among adolescents who have more favorable atti-

tudes toward inhalants before the intervention.

The final regression analysis revealed that post-test

content knowledge was a strong predictor of post-test

attitudes toward inhalants, demonstrating a direct rela-

tionship between learning facts about toxic chemicals and

developing more negative attitudes toward the abuse of

these chemicals. While the specific goal of the Uncommon

Scents intervention for use in science classrooms is clearly

knowledge gain, the attitude shifts might be viewed as

encouraging precursors of inhalant avoidance. A more

longitudinal study that includes intentional and behavioral

measures could help to see if the attitude shift translates

into changes in adolescents’ intentions to use inhalants and

actual inhalant abuse.

A limitation of this study is the lack of a control con-

dition. A comparison of students who played Uncommon

Scents to students who either did not receive any inter-

vention or who played a different, unrelated game would

allow a stronger argument about the efficacy of the inter-

vention. Additionally, the high rate of student dropouts

between pre-test and post-test might decrease the level at

which generalization is possible. A more detailed analysis

of the 152 students who either missed one or more of the

three episodes of the game or missed the post-test revealed

that there were no differences in demographics between

completers and non-completers. However, the non-compl-

eters did have slightly lower content knowledge scores and

more positive attitudes toward inhalants at baseline (mean

content knowledge 12.20, SD 4.11, t(594) = 3.70, p \ .01;

mean inhalants attitudes 20.44, SD 6.20, t(594) = -4.41,

p \ .01). Because teachers reported that the missing data

were caused by general absenteeism, it would be difficult

to develop strategies to avoid student dropouts in the

future. Arguably, students who are more likely to be absent

may perhaps be those who are most at risk, and may

therefore have benefitted the most from the game. It is

possible that without the restrictions of the experimental

protocol, these students could have realized similar shifts.

In conclusion, Uncommon Scents was effective in

increasing adolescents’ knowledge about the science con-

tent presented in the game. Furthermore, the increased

knowledge resulted in a shift to more negative attitudes

toward inhalants, indicating that the game was successful

in enabling adolescents to identify inhalants as body pol-

lutants. Further studies of Uncommon Scents, used in

combination with more traditional drug prevention

approaches, may amplify this intervention. Meanwhile,

Uncommon Scents makes it possible to engage science

educators in drug education.
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