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Abstract: This study in the Quest Atlantis multi-user virtual learning environment explored wheth-
er design-based methods and participatory models of assessment and engagement could ad-
vance the nagging debate over the consequences of educational incentives. Four classes of
sixth-grade students completed a 15-hour ecological sciences curriculum that was rich with feed-
back and opportunities to improve. Students in two of the matched classes were able to publicly
display their success, via a physical leader board and virtual badges that they could place on their
in-game avatar. These students showed more sophisticated engagement (enlisting more scien-
tific formalisms and doing so more appropriately), significantly larger gains in understanding (on
a challenging performance assessment), and larger gains in achievement (on a test of randomly
sampled items aligned to targeted content standards); their intrinsic motivation during the game
was slightly higher, and motivation for the domain increased slightly more.

The ubiquity of youth video gaming and the appeal of the newest generation of immersive virtual gaming environ-
ments have utterly transformed youth recreation. Recognition of the tremendous level of (non-academic) learning
occurring in commercial video games has moved the design of educational video games from a research niche to
a national and international priority. One of the central challenges in designing educational video games concerns
the use of incentives. While most commercial video games offer players some form of incentives (such as points
or “levels”) to motivate their progress, incentives remain controversial in education. Cognitive theorists assume
that incentives undermine intrinsic motivation and subsequent engagement via the overjustification effect (Deci,
Ryan, & Koestner, 2001, Lepper, Greene, & Nisbett, 1973). This occurs when an extrinsic incentive is introduced
for activity which was previously intrinsically interesting. After the introduction of the incentive (e.g., a prize or a
certificate) the individual subsequently attributes the basis for the activity to the extrinsic reward. Hundreds of
studies have shown that “extrinsic” incentives direct attention away from intrinsically motivated learning, leading
to diminished engagement once incentives are no longer offered (Tang & Hall, 1995). Reflecting the antithetical
relationship between cognitive and behavioral theories of motivation, analyses of the same body of studies by
behaviorally-oriented theorists support the conclusion that the negative consequences of incentives are limited to
specific easily-avoided situations (Cameron & Pierce, 1994). This paper describes a quasi- experimental study
that examined whether newer sociocultural perspectives on assessment and motivation might shed new light on
this enduring debate.

Sociocultural Perspectives on Incentives

Newer sociocultural theories of knowing and learning offer a different way of thinking about incentives and moti-
vation that might move this debate forward. In their groundbreaking paper on cognitive apprenticeship, Collins,
Brown and Newman (1989) suggested that the corrosive educational effects of competition (which is typically
fostered by incentives) may be more the results of impoverished learning environments that lacked opportunities
to improve and the formative feedback needed to do so. Most of the prior studies of incentives were conducted in
highly structured laboratory settings or very traditional classrooms. This suggests that the newest generation of
educational video game incentives might have positive consequences that outweigh or even eliminate any nega-
tive consequences. Furthermore, the rich interactive narratives in the latest generation of immersive video games
and the participatory culture of many networked learning environments might reverse the overjustification effect
via what Gresalfi, et al. (2009) called consequential engagement.

The meaning of educational engagement is bound to views of learning. Prior scholars have advanced notions such
as mindfulness (Salomon & Globerson, 1987), intentional learning (Bereiter & Scardamalia, 1989) and committed
learning (diSessa, 2000). As Dewey put it a century ago “...the educational significance of effort, its value for an
educative growth, resides in its connection with a stimulation of greater thoughtfulness, not in the greater strain
it imposes” (Dewey, 1913, p. 58). Sociocultural approaches highlight Dewey’s thoughtfulness as the process by
which students engage in an activity, interact with each other and use resources and tools purposefully. Engel
and Conant’s (2002) notion of productive disciplinary engagement highlights (a) the number of students making
substantive disciplinary contributions, (b) the number of disciplinary contributions made in coordination with each
other, (c) students attending to each other and making emotional displays, and (d) students spontaneously reen-
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gaging. In this characterization, the role of discourse is key to supporting any claim concerning engagement.

Multi-Level Assessment Model

This study extended a “multi-level” model of assessment to the study of student engagement. Doing so prom-
ised valid inferences of the translation of the intense engagement with video games to academic subject matter
(Roschelle, Kaput, & Stroup, 2000). The difficulty of such translations lies, in part, in the unique affordances of
educational games (i.e., formative feedback and numerous low-stakes opportunities to improve). While the forma-
tive functions of these features enhance learning, they can compromise evidential validity of assessments used
to examine engagement and learning in video games. This study assumes that doing so calls for assessments
along different “levels” of learning outcomes (Ruiz-Primo, Shavelson, Hamilton, & Klein, 2002). The current study
assumes that using different learning outcomes across levels means that formative feedback at one level does not
directly coach or prepare students for the outcomes at the next level. This provides a tractable way of controlling
for the construct-irrelevant variance (Messick, 1994) that occurs when students are given feedback for solving
problems that are similar to the problems that appear on an assessment (Hickey, Zuiker, et al., 2006, Hickey &
Anderson, 2007). In this way, the alignment of learning across multiple levels maximizes consequential validity
(i.e., the formative function of assessment) at one level while preserving evidential validity at the next level (the
summative function). Doing so across three or more levels promises to overcome the complexities of assessing
learning outcomes from educational games (as described by Annetta, Minogue, Holmes, & Cheng, 2009, p. 79).

This study extended the multi-level assessment model as it had emerged in design studies of Quest Atlantis’s
Taiga ecology game (Barab, et al., 2011) to the study of incentives and their impact on engagement. Learning
was conceptualized in terms of four different levels of learning outcomes that were pragmatically informed by the
three “grand theories” of learning outlined in Greeno, Collins, & Resnick (1996). First, a situative/sociocultural
perspective was used to conceptualize (1) the immediate-level enactment of sequences of inquiry-oriented game
activities and (2) close-level participation among the player, teacher, and non-player characters in writing and
revising written “quests” after those activities. The model then uses a cognitive/rationalist perspective to frame
learning in terms of (3) proximal-level conceptual understanding assessed with a curriculum-oriented performance
assessment. Finally, the model uses a more behavioral/associationist perspective to frame learning in terms of (4)
distal-level achievement measured with a multiple-choice test. This means that the collected evidence of close,
proximal, and distal learning (a) were increasingly removed from the enactment of the Taiga inquiry activities, (b)
were increasingly oriented towards a broader curricular scope, and (c) used increasingly abstract representations
of knowledge.

This study attempted to extend the multi-level assessment design model to the issue of incentives by building on
emerging situative/participatory approaches to motivation (Greeno et al., 1998; Hickey, 2003). At the close level,
we examined students’ written quests as evidence of their success while participating in the interactive practice of
drafting a quest. At the proximal level, we examined individual players’ self-reported motivational states during that
same quest. At the distal level, we examined players’ more enduring self-reported personal interest towards the
kinds of problems they were solving in the game. This logic and the relationship between the levels of assessment
and the levels of engagement are explored in more detail in Hickey & Schaffer, 2006.

Methods

This study was the third in a series of annual design studies of the 15-hour Taiga curriculum with the same teacher
and population of students. In the previous year, new formative feedback resources had been introduced into the
game, including sophisticated rubrics to help teachers review the quests and provide feedback, and a series of
help screens offered by a non-player character that students could reference when completing the crucial second
quest. These new resources led to substantially larger gains in understanding and achievement. However, the
larger gains were associated with the students who elected to use them. Only twenty percent of the students
viewed all of the feedback screens, while another twenty percent did not view them at all (Hickey, Ingram-Goble,
& Jameson, 2009). This suggested that somehow motivating more students to access more of the resources and
do so more meaningfully should further enhance learning outcomes.

Incentives like those that are so effective in commercial video games were an obvious strategy for attempting to
motivate this engagement. However, as hinted above, there are lingering concerns about the negative conse-
quences of incentives among cognitive/rationalist motivation theorists, and an enduring debate with behavioral
theorists who argue that the negative consequences are limited and easily avoided. In order to explore this issue
from a new perspective, a quasi-experimental study was conducted. For two of the classrooms in this study, the
teacher’s acceptance of a written quest at one of three increasingly accomplished levels (proficient, expert, or
wise) was rewarded with a corresponding badge that players could affix to their in-game virtual avatar. Addition-
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ally, students in this Public Recognition (PR) condition were invited to move a paper version of their avatar up and
across a physical “leader board” that was prominently placed in the room. In two other classrooms taught by the
same teacher in the same semester, students in the Non Public Recognition (NPR) condition were not offered
badges or a ready means to communicate their level or progress to the other students. Consistent with Lepper &
Malone (1987), the incentives and all of the information in the game about them was replaced with text encourag-
ing players to work hard to save the park and become more capable apprentices.

To explore these issues, the study was designed to test the following hypotheses: Hypothesis 1: Students in
the PR condition will engage more deeply in the process of drafting and revising their quests, use more relevant
scientific formalisms, and use those formalisms more correctly than students in the NPR condition; Hypothesis
2: Students in the PR condition will exhibit significantly larger gains in conceptual understanding of the target-
ed science concepts and achievement of the targeted science standards than students in the NPR condition;
Hypothesis 3: There will be no difference between the PR and NPR conditions in self-reported intrinsic motivation
during the second quest, and no differences in impact of the game on personal interest in learning to solve these
types of scientific problems.

This research was conducted at a public elementary school in a medium-sized university town in the Midwestern
US. The students were predominantly Euro American and most came from well-educated professional families. In
this study, average grades from prior work were used to identify pairs of similar achieving classes, and one class in
each pair was assigned to the Public Recognition (PR) and the Non Public Recognition (NPR) condition. Consent
to participate in the study was obtained from almost every student, resulting in 106 participants (56 females and
60 males).

Engagement and learning were assessed at the immediate, close, proximal and distal levels. To assess engage-
ment and learning at the immediate level we analyzed the number of screens of formative feedback students ac-
cessed using log files. This reflected our tentative assumption that choosing more pages represented more inten-
tional engagement in the structured discourse of the revision process. To assess learning and engagement at the
close level, we analyzed the quality of the submissions of crucial Quest 2 (scored by researchers) and assessed
the improvement from initial to final submission, given feedback from the teacher (via the park ranger character).
We used a conventional rubric to assign points according to students’ right/wrong answers to questions in Quest 2.
Specifically, a 14-point scale rubric assigned six points for summarizing the various water quality indicators at three
sites of Taiga, four points for explaining what the processes were (i.e., erosion and eutrophication), and four points
for describing the dynamic relationship between indicators and processes. While this captured student accuracy, it
did not capture the meaningful appropriation of concepts in the domain discourse. For example, one student could
say dirt from Site B got into the river, while another one could say the sediment from Site B is eroded into the river.
By using the 14-points rubric, both students would have earned one point, without distinguishing the nuances such
as the difference between dirt and sediment and between got into and eroded. In a sense, we were aiming at the
disciplinary engagement pointed out by Engle and Conant (2002). Therefore, we quantified the verbal data (Chi,
1997) to capture this domain-specific or disciplinary discourse around students’ Quest 2 submissions (n=106).
Initial and final submissions in Quest 2 were coded in terms of the meaningful appropriation of nine relevant
scientific concepts. The text of the submissions of all students (n=106) was coded using the NVivo qualitative
analysis software program. According to Chi (1997) one of the critical steps in analyzing verbal data is the issue
of segmentation or grain size. In any case, the grain size selected needs to correspond to the research questions
asked. We used small propositions that contained the targeted scientific concept, under the hypothesis that the in-
centives would prompt the students to use the academic content embedded throughout the game in a mindful way.
This contrasts with the hypothesis that follows in cognitive/rationalist views of incentives that would lead to more
surface-level extrinsically motivated engagement. We were interested in capturing students’ engagement with the
content in a progressive, knowledgeable way as a result of the incentive manipulation, instead of students’ actual
representation of knowledge (Chi, 1997) or scientific argumentation (e.g., Kelly, Drucker & Chen, 1998).

To examine engagement at the proximal level, we developed a scale to assess players’ situated motivation regard-
ing the Quest 2 activity. The scale consisted of 4 or 5 Likert-type items (strongly disagree, disagree, neutral, agree,
or strongly agree) for each of the following subscales of the motivational states that prior research has shown to
be diminished by incentives: interest in the activity, value for completing the activity, perceived competence during
the activity, and effort completing the activity. So long as the individual scores for each set of items are internally
reliable, scores on each scale are presumed to be indicative of various aspects of students’ cognitive engagement
during the tasks (see Fredricks, Blumenfeld, & Paris, 2004). Once their Quest 2 submission was accepted, stu-
dents completed the brief survey. The survey asked students, “How did you feel while completing Quest 2?” The
survey also encouraged students to respond honestly and assured students that their responses were confidential.
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To examine engagement at the distal level, we measured changes in personal interest in solving the types of
problems students were learning to solve in Taiga. One of the main concerns with incentives is that they supplant
existing intrinsic motivation towards activities with the extrinsic motivation offered by the incentive (the “overjus-
tification”). Hundreds of prior studies in laboratories or traditional classrooms have showed that extrinsic incen-
tives lead to decreased free choice engagement in the incentivized activity. Many of those studies also examined
self-reported interest in the activities (and sometimes instead of) free choice engagement. To this end, we mea-
sured students’ self-reported personal interest in the three types of problems that they were learning to solve in
Taiga: water ecology problems, complex scientific problems, and controversial socio-scientific problems. An 18-
item survey was created consisting of six Likert-scale items for each type of problem and was administered before
and after students played the game.

To examine learning gains at the proximal level, we used the Lee River performance assessment developed in the
prior design cycles. The assessment was “curriculum-oriented” in that it asked students to solve similar problems
as in Taiga but in a somewhat different context. The assessment had been created alongside extensive refine-
ments to Taiga the previous year and was designed to be highly sensitive to different enactments of the curriculum.
It involved another fictional watershed and a range of stakeholders who had similar (but not identical) effects on the
ecosystem. For example, both Taiga and Lee River involve stakeholders with different land use practices who are
arranged along a river. The stakeholders from both scenarios impact their ecosystems by doing things that cause
erosion and eutrophication; however, erosion is caused by loggers in Taiga and by construction in the Lee River.
To capture a range of understanding at the pretest and the posttest, the items covered included a broad range of
difficulty. It included several multi-part items that started out with simple tasks that most students would be able
to answer without instruction, and proceeded to a few complex items that focused on the nuances of scientific hy-
potheses, the relationship between social issues and scientific inquiry, and the relationship between water quality
indicators such as dissolved oxygen and processes like eutrophication. A 21-point scoring rubric was used to score
completed assessments, with a subset of assessments scored by two researchers to establish reliability.

To examine learning gains at the distal level we used the same 20-item test that had been created the previous
year by random sampling from pools of items aligned to the four targeted content standards, but independent of
the Taiga curriculum. Such standards-oriented tests are necessary to support claims of impact on externally-de-
veloped achievement measures and to compare the impact of different curricula that target those standards. Such
tests are not particularly sensitive to specific interventions and represent a relatively ambitious target for innovative
curricula like Taiga.

Results and Conclusions

For engagement and learning at the immediate level, analysis of the log files found no significant difference in the
number of feedback pages accessed for the PR (M=8.69, SD=6.91) and the NPR (M=9.24, SD=5.98) conditions
(Mann-Whitney U =1285, n,=51, n,=55, p=.452). At the close level, improvement scores for the initial and final
Quest 2 submissions (using a 14-point scale; inter-rater reliability = .85) did not reach statistical significance be-
tween conditions (Mann-Whitney U =1099, n =47, n,=51, p=.475). In addition, a one-way MANOVA was conduct-
ed to compare the effects between conditions on the meaningful appropriation of the scientific concepts as enlisted
during the drafting of Quest 2. The analysis of the coded initial and final submissions revealed higher levels in
the PR condition, but the difference did not reach statistical significance [Wilks’ Lambda =.973, F(1,102)=2.797,
p=.097] Therefore, strictly speaking, we found no evidence of negative consequences of incentives engagement
in the written discourse around Quest 2.

Concerning proximal engagement, all four self-reported assessments of motivational orientation during Quest
2 revealed high internal reliability (all alphas over .85). This was crucial, since unreliable measures could have
masked consequences of incentives in random variance. A one-way between subjects ANOVA was conducted to
compare the effects of the incentive and non-incentive conditions on perceived interest, value, competence, and
effort. There was no significant effect on any of the variables [F(1,106)=.826, p= .366; F(1,106)=.051, p =.821;
F(1,106)=.467, p=.496; F(1,106)=.321, p=.575, respectively]. While none of the four differences reached statistical
significance, the fact that slightly higher scores were observed for all four of the aspects in the PR condition argues
strongly against the predicted negative consequences from the incentives.

For distal engagement the scales of interest in solving the three different types of problems showed accept-
able levels of reliability (alphas over .80) at both administrations. A one-way repeated measures ANOVA was
conducted to compare the effects of incentives on three indices of interest. None of the tests yielded significant
difference between conditions [Wilks’ Lambda =.99, F(1,102)=.442, p=.508;Wilks’ Lambda =.99, F(1,101)=.703,
p=.404;Wilks’ Lambda =.99, F(1,101)=1,026, p=.314], supporting our initial hypothesis that the “overjustification”
is unlikely to occur in contexts such as QA. These results suggest that the introduction of incentives in this envi-
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ronment did not undermine personal interest (or presumably subsequent free-choice engagement) in these times
of scientific investigations.

For proximal learning, a one-way repeated measures ANOVA tested the effects of incentives on students’ gains in
conceptual understanding. Students in the PR condition gained significantly higher levels of understanding than
students in the NPR condition [Wilks’ Lambda =.946, F(1,99)=5.6 p= .02]. This represented the difference between
1.4 and 1.1 SD gain, given the pooled standard deviations across the score points. Importantly, the differences in
gains between the two classes in each condition were not statistically significant (F < 1). Thus, the students in the
incentive condition developed significantly greater understandings of the concepts, topics and processes associ-
ated with solving scientific and socio-scientific problems involving water quality.

For distal learning, the achievement tests revealed strong internal consistency, and showed that students in the
PR condition gained 5.44 points compared to 4.02 points for the other students. Given the variance within the
scores, this was a difference between gains of 1.1 and 0.8 SD. A one-way repeated measures ANOVA revealed
that this difference in gains did not reach conventional criteria for statistical significance [Wilks’ Lambda =.972,
F(1,114)=3.234, p=.075, gains between classes within groups was again F < 1]. However, such a gain seems
highly unlikely to have occurred by chance given the corresponding significant difference in gains in proximal un-
derstanding. This is an example of the aforementioned “echo” and an illustration of the advantage of assessing
learning outcomes across multiple increasingly formal levels.

In summary, the incentives as enacted in this study were not shown to motivate students’ engagement with the
learning activities such as drafting and revising Quest 2 and using the resources embedded in the game. There-
fore, Hypothesis 1 was not supported. However, results showed a significant larger gain in the understanding of
ecological processes (proximal), and a non-significant differential gain in achievement (distal), both in favor of the
PR group. Therefore, Hypothesis 2 was partially supported. Finally, examination of engagement at the three levels
failed to uncover any of the potential negative consequences of the incentives, supporting our third hypothesis.

Implications and Significance

These findings lend initial support to the argument advanced by Collins, Brown, and Newman (1989) that the
negative consequences of competition may be more indicative of impoverished learning environments and the
lack of feedback and opportunity to improve, than of a fundamental consequence of competition. Relative to the
conventional learning environments in which incentives have generally been studied, educational games are in-
teresting and engaging contexts that offer extensive feedback, which can have a positive impact on students’ task
involvement. Additionally, it seems possible that other game features such as fantasy, rules and challenges may
further insulate students from the sorts of negative consequences that have been associated with incentives in
other studies.

This study provides some initial empirical support for the speculations about sociocultural theories of engagement
in Author (2003 & 2006). Rather than (a) using incentives haphazardly or (b) attempting to prove their fundamental
impact, we believe that designers should ask about the motivational design features concerning their impact on
immediate-level and close-level engagement in learning. While there are likely many ways of doing so, we believe
that this more process-oriented and contextual analysis offers a helpful starting point. We also believe that this
study shows some initial value in extending the multi-level model of assessment used in past studies to consider
engagement and motivation as well.

Arguably, the multilevel assessment model applied in this study begins to address a core validity issue that has
long plagued the assessment of individually-oriented motivational interventions (see Adelman & Taylor, 1994). Just
as with our learning outcomes, our formative efforts to refine engagement at one level do not undermine the evi-
dential validity of the engagement outcomes at the next level. In other words, there was nothing about close-level
motivational intervention (i.e., incentives and competition) that might have directly encouraged students to charac-
terize that activity as more interesting or engaging on the proximal-level survey items. In this way, we examined the
more direct consequences of incentives and competition on the students’ engagement in the questing activity. At
the same time, we indirectly examined the consequences of incentives and completion on student’s self-reported
cognition during those activities and of changes in self-reported interest towards those activities. This seems like
a promising way around the obvious dilemma facing many motivational interventions: programs that focus direct-
ly on changing behavior may deliver behavioral change, but fail to impact cognition, while programs that focus
directly on cognition may indeed impact cognition but fail to deliver enduring changes in behavior. Likewise, the
model represents an extension and may well complement current analytical strategies based on discourse and
video analysis (e.g., Azevedo, 2006; Engel & Conant, 2002) by introducing performance and achievement levels
together with self-reported motivational states. In summary, while protecting the validity of outcome claims, the
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model also emphasizes the assessment of the process of engagement and learning encompassing the “hybrid
research methodologies” characteristic of multidisciplinary fields such as CSCL (Stahl, Koschmann, & Suthers,
2006). Thus, the model provides a promising solution to the assessment of learning beyond sociocultural perspec-
tives on teaching and learning.

Finally, the increased learning outcomes across the three design cycles demonstrates the broader value of this
assessment-driven multi-level model of assessment. While the present study focused on the impact of incentives,
numerous other refinements had been made to the Taiga curriculum that were informed by evidence obtained at
the various levels. Of course, some (but certainly not all) of the increased gains were due to teachers learning.
Most innovators who have attempted to impact valid measures of external achievement know how difficult it is
to obtain gains of this magnitude without resorting to expository direct instruction. In addition to offering a way
forward on enduring design controversies like incentives, the multi-level model appears to be a promising way to
deliver the evidence of achievement impact that is demanded by many educational stakeholders without compro-
mising the more authentic learning supported by innovations like Quest Atlantis.
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