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To inform instruction, screening and diagnostic assessments must collect accurate data about the 
current state of the learner. Unfortunately, students may find assessments unengaging, intimidating, 
or irrelevant, undermining the quality of their effort and the quality of the data. The application of 
gaming to assessments may provide a way to boost and sustain effortful test-taker engagement, an 
integration that has thus far yielded mixed results, at best. Our interdisciplinary team reviewed and 
evaluated existing gamification research to consolidate a set of guiding principles for effectively 
merging diagnostic assessment tasks and protocols with a motivating game-like context in ways that 
specifically foster high levels of test-taker effort. We share our work in this paper to help inform 
ongoing research and development leading to more efficient and effective assessments of children. 
 

Gaming Considerations for 

Educational Assessments 

 Assessments in pre-K-12, whether screening, 
diagnostic, benchmark, formative, or summative, are 
most accurate and useful at the intersection of 
psychometrically sound tools with individuals putting 
forth their best effort. Unfortunately, children may 
perceive assessments to be stressful (Alexander, et al., 
2009; Segool, et al., 2013; von der Embse et al., 2018) 
or, as with any task, unengaging, undermining high 
quality effort (Lumsden, et al., 2016). How can 
assessment designers, specifically those seeking to 
screen students at risk of not meeting grade level 

learning objectives or to diagnose specific learning 
gaps, increase the engagement of assessment-takers in 
order to obtain the most accurate and useful 
information about individual abilities and needs? 
Games offer a tempting solution. People, not just 
children, enjoy playing games. Video game players, in 
particular, exhibit sustained engagement and embrace, 
and often seek, challenges that stretch their abilities 
(Yee, 2006; Koster, 2013; Hunicke et al., 2004; Ke, Xie, 
& Xie, 2016). The existing evidence related to the 
application of games to assessment, however, offer 
conflicting results and unclear guidance. We seek to 
identify the elements of gamification, game-based 
learning, and game-based assessment that can be used   
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to further student engagement in the screening and 
diagnostic assessment contexts. 

 The goal of assessments in education is, quite 
simply, to collect information about the current state 
of a learner and to make the data of that assessment 
palatable and usable by parents, teachers, school 
administrators, and other educational practitioners.  
Capturing a kindergarten student’s current ability, for 
example, to decode words, can inform teachers as to 
what instruction is most appropriate to further develop 
or master those skills.  Screening assessments that are 
predictive of future struggles with reading words, 
language development, or comprehending text can 
prompt preventative interventions (Jenkins et al., 
2007). The quality of screening assessments matters if 
the results are to reliably match need with appropriate 
instruction and intervention (Catts & Hogan, 2020). 
Students taking these assessments are typically oriented 
to the assessment through practice items, but do not 
get help on the items while they are assessed, and they 
do not find out if their responses were correct.  

 It is often the case that when assessment 
developers are creating items and validating the scores 
from data collected in field studies, the form of the 
items often looks very different during a data collection 
compared to the final, finished product. For example, 
pilot and calibration data may be collected through 
functional paper-pencil or computerized means lacking 
aesthetic or product labeling. Once the assessment is 
ready for dissemination, the overall functionality of the 
items remains the same but aesthetic for presentation 
has likely changed (e.g., adding branding or color 
schemes to record sheets). In this manner, assessment 
developers seek to preserve the fidelity of the 
assessment’s core functionality while ensuring the 
newly applied aesthetic form does not distract from its 
function. As assessment developers may increasingly 
pursue gaming elements as a form of aesthetic design 
to improve student engagement and effort in the 
assessment, they must do so in a manner that preserves 
the core functionality and characteristics of the 
screening and diagnostic assessments.  

From Gamification to Gaming Elements 

The terminology related to gaming, learning and 
assessment can be confusing. The same terms have 
been used to describe different applications. Since the 
early analyses of the intersection of gaming and 

learning, “gamification” has referred to the use of game 
elements - such as points, badges, progress bars, 
feedback, or avatars - in non-game environments 
(Deterding et al., 2011; Plass, Homer, & Kinzer, 2015; 
Martí-Parreño, Méndez-Ibañez, & Alonso-Arroyo, 
2016) with the goal of improving engagement and 
enhancing the user experience. Game-based learning, 
on the other hand, embeds explicit learning objectives 
into game play. Playing a game inevitably involves 
learning. The player must learn the rules of the game, 
the mechanics of playing the game, and strategies to 
win the game (Koster, 2013). Weaving learning content 
into compelling game play and vice versa can foster 
desirable learning outcomes (Lumsden, et al., 2016; 
Abdul Jabbar & Felicia, 2015). Game-based assessment 
has the potential for embedding opportunities to 
collect data about a player’s knowledge, skill, or other 
desired construct directly into a game (Shaffer, et al., 
2005; Klopfer et al., 2015; Shute, Ke, & Wang, 2017; 
Shute & Sun, 2019). 

The categories described above, however, have 
been challenged as overly broad and ambiguous to 
support rigorous evaluation of their efficacy in 
educational contexts (Bedwell et al., 2012; Landers, 
2014). Rather than comparing, for instance, gamified 
features to game-based learning approaches, we should 
consider the value of specific game design elements 
under different conditions and contexts (Sailer et. al., 
2017), including, when appropriate, whether they 
occur within a game or outside of it. While recent 
research has offered different taxonomies of game 
attributes and design elements, those studies have 
shared a common focus: identifying the appropriate 
application of specific gaming features to targeted 
educational purposes and conditions. Since diagnostic 
assessments have critical and distinctive features, we 
are particularly attuned to the intersection of those 
features and game design elements most relevant to the 
requirements of that context. 

Diagnostic Assessment x Gamified Elements 

Traditional diagnostic assessments are not games. 
Scores from developed and tested items are rigorously 
evaluated to ensure they provide reliable and valid 
evidence of targeted learner competencies. Those tasks 
are then delivered in controlled and consistent 
conditions across administrations, without immediate 
feedback or support, so that results are reliable and 
comparable across populations and over time. In 
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addition, educational assessments target data collection 
for the purpose of understanding student knowledge 
or progress, not new learning (American Educational 
Research Association et al., 2014). One’s performance 
on an assessment may be informed, influenced, or 
explained by a number of factors including their effort 
on the task or their attitudes toward the topic being 
measured (Petscher, 2010). Can these carefully 
designed assessment tasks be surrounded by some of 
the motivating elements of games - autonomy, sense of 
progress, and rewards, for instance - to encourage 
more effortful engagement?  

The results of these types of gamification 
experiments have been mixed (Hanus & Fox, 2015; 
Domínguez, et al., 2013; Attali & Attali, 2015). 
Highlighting progress toward an endpoint can enhance 
sustained engagement (Siemens, et al., 2015), but 
there’s a risk that goal attainment - finishing - becomes 
more important than high effort on each individual 
task (Dockterman & Weber, 2017; Deright & 
Jorgensen, 2015). The fastest way to make progress is 
to complete each task quickly. Since diagnostic 
assessments don’t include performance feedback, 
putting in little effort has no obvious negative 
consequences. Similarly, when game elements - points, 
badges, or even the opportunity to play a “fun” game - 
are used as rewards for completing assessment tasks, 
the implicit message is that the learning/assessment 
activities are so unpleasant that they need external 
rewards to entice completion. Again, to the child, 
completion rather than high effort might become the 
goal, since finishing the task quickly is the fastest way 
to reach the reward. Research on motivation (for 
instance, Deci, Koestner, and Ryan, 2001; Lepper & 
Henderlong, 2000) warns that extrinsic rewards can 
undermine intrinsic drives. In the context of diagnostic 
assessment, some common motivation-related game 
design elements may not be the most effective 
direction for engaging children in sustained, high 
effort.  

Adding rules and goals, elements of game-based 
learning and assessment environments, can also 
potentially undermine task-focused effort. The 
demands of learning the game rules, for example, may 
interfere with the goal of assessing the targeted learner 
traits within that game. The design of a game-based 
diagnostic assessment must be done in a way to 

minimize potential distractions while maximizing data 
quality including the reliability and validity of scores. 

Several standards do exist to guide the 
development of new game-based assessments. 
Evidence Centered Design (ECD) principles, in 
particular, can support the creation of tasks that can 
generate the desired relevant, measurable data 
(Mislevy, Almond, & Lukas, 2003; Klopfer et al., 2018; 
Shute & Sun, 2019). For instance, if you want to 
measure a child’s decoding ability, you will need to 
describe the kinds of observations and behaviors that 
would be reflective of that ability. You then need to 
design the kinds of tasks that would expose that 
evidence. Finally, you need to embed versions of those 
tasks into a game in a way that allows for the collection 
of data that may produce reliable and valid scores. As 
well, the Standards for Educational and Psychological 
Testing (American Educational Research Association, 
2014) provide standards for establishing and 
documenting the reliability and validity of scores, 
fairness in testing, test design and development, scaling 
and norming, test administration, and the rights and 
responsibilities of test takers and test users. Test 
developers often use these standards to tether the 
ECD to then better plan for and validate scores from 
new assessments. 

Although game-based assessments can be readily 
created to generate helpful formative (lower stakes and 
lower fidelity) information about a student (see Groff, 
et al., 2015 for a description of this approach to 
balanced design), high fidelity screening and 
diagnostics assessments require a more rigorous 
application of ECD, which can be complex and 
lengthy. A body of validity evidence must be curated - 
Does the content for the task map to empirically 
supported methods for measuring the skill? Do the 
scores that these new tasks elicit psychometrically 
conform to previous evidence in terms of reliability, 
local fit of items, and global fit of constructs? Do 
participant-level scores correlate to similar constructs 
in the magnitude and direction that is consistent with 
the literature? In the case of decoding, children are 
typically asked to read words. The game might also 
require children to “decode” nonsense words, or it 
might include other ways to capture evidence of 
decoding capacity. Either way, the performance of a 
child in the game’s decoding tasks should match the 
child’s measured decoding capability in an existing set 
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of assessment tasks. Designing new tasks is challenging 
by itself. Designing them in a way that leverages the 
engaging elements of a non-distracting game is very 
difficult. 

Game Design Elements for Effort 

Rather than creating new assessment tasks within a 
new game environment, a more efficient approach 
would be to incorporate game design elements that 
foster task-focused effort on existing items from 
already validated scores from an assessment. The goal 
is to amplify the value of the task. Completing each 
task to the best of one’s ability is the goal of the game. 
What can we leverage from games to motivate effort 
rather than completion or performance (since no 
performance feedback is provided)? 

Consider this general example. A screening 
assessment includes a battery of tasks designed to 
discern relevant traits about the learner. A game 
introduces a storyline where doing the best possible 
work on those tasks is critical for moving the narrative 
forward. It could be that characters depend on the 
student trying hard to help them achieve some goal, or 
it could be that effort and focus feed some machine 
that needs the fuel to overcome obstacles. Effortful 
completion of each battery, regardless of performance, 
charts a student’s progress through the game. The tasks 
are intrinsically important within this game structure. 

A Features Analysis for Games and Screening/ 

Diagnostic Assessments 

In this section, we identify six features of a game 
environment that have been shown to foster sustained 
focus and effort that can be complementary to current 
principles of ECD for researchers and testing 
companies who create assessments. Each of these 
gaming features is accompanied by a description of 
how those elements can be applied responsibly to 
screening and diagnostic assessments. 

Create a sustained challenge. Overcoming 
challenges can be very satisfying, leading into a flow 
state. Tasks are neither too easy (boring) nor too 
difficult (frustrating) (Martí-Parreño, Méndez-Ibañez, 
& Alonso-Arroyo, 2016, Csikszentmihalyi, 1975; 
Vygotsky, 1978) as they are targeted to a player or 
user’s zone of proximal development (ZPD). Applied 
to screening and diagnostic assessments, use computer 
adaptive assessments (CAA). CAAs are tasks that 

dynamically adjust the items that are presented based 
on the difficulty of the item and the ability of the 
person. Given this, CAAs are more likely to remain 
appropriately challenging for the child. Banks of fixed 
items do not always follow a progression of difficulty. 
It may be that the adaptivity in screening and 
diagnostic assessment moves from one construct to 
the next as soon as a result can be determined from the 
data. The child will not have to suffer through a barrage 
of overly difficult items nor be bored with items that 
are too easy. Computer adaptive assessments in early 
education and beyond provide a means for item and 
task adaptivity targeted to the user (Mitchell et al., 
2015) and can leverage information in the gaming and 
assessment environment that move the assessment 
more quickly without sacrificing the reliability or 
validity of scores (Petscher et al., 2015; Petscher et al., 
2017). 

Create low stakes outcomes, at least from the 
child’s perspective. Just as challenges need to exist in 
the zone between boredom and frustration, anxiety too 
has a sweet spot. When the perceived consequences of 
failure are high, players can become overly anxious, a 
state that can impede performance. On the other hand, 
when there are no stakes, the cortisol and adrenaline 
that fuel attention and reflexes may not kick in 
(Klopfer, Haas, Osterweil & Rosenheck, 2018). 
Applied to screening and diagnostic assessments, 
frame the assessment positively. Assessments in 
general are often viewed as high stakes activities. 
Unlike in games, failure on an assessment has 
perceived negative consequences. Screening and 
diagnostic assessments are designed to inform better 
instruction, not to judge the test-taker. Build 
productive language into the assessment itself as 
appropriate. In addition, provide guidance on positive 
framing to teachers or others who will be supporting 
the administration of the assessment. Context matters. 

Include feedback and scaffolding. Feedback 
and scaffolds facilitate learning, helping players 
overcome challenges, particularly in low-stakes 
contexts that allow graceful failure and multiple retries 
(Henderlong & Lepper, 2002; Clark et al., 2016). 
Applied to screening and diagnostic assessments, focus 
on between-task effort-related feedback. An adaptive 
delivery system can monitor elements of effort, like 
time per item and patterned responses (e.g., always 
picking the first option), and offer personalized 
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messages to encourage more concentration and 
thoughtfulness, as appropriate. Be aware that different 
audiences will respond differently to different kinds of 
effort-related feedback. Depending on the social 
context, young children, for instance, may be more 
likely to embrace effort messages than adolescents, 
who may value natural talent over hard work 
(Amemiya & Wang, 2018). As with the assessment 
items themselves, feedback information needs to be 
tested and validated before incorporation into a final 
assessment system. 

Include a system that shows progress. A sense 
of growing competence and movement can be 
compelling. Progress can be made visible when players 
see their scores and ranking improve. Progress can also 
be seen in movement through a journey or narrative 
(Siemens, et al., 2015). Applied to screening and 
diagnostic assessments, show progress through the 
journey and not the performance. Screening and 
diagnostic assessments do not keep score in a way that 
the user can see, and variable-length adaptive 
assessments are unable to determine how many items 
a child will be administered beforehand, so it cannot 
and should not show the number of questions left to 
complete. Progress, though, can be portrayed 
episodically. For example, when multiple constructs 
are being measured, each construct can be attached to 
locations on a map or chapters in a narrative or 
characters to meet. Each assessment experience can be 
pristine within a larger, finite structure. As children 
complete each part of the structure, they get a sense of 
movement to completion. 

Create a sense of autonomy. A sense of locus of 
control and agency can feed motivation (Anderson & 
Gray, 2015; Lepper & Henderlong, 2000). Choice can 
take many forms, from selecting levels and game 
strategies to choosing which characters or parts of a 
narrative to engage. Applied to screening and 
diagnostic assessments, provide choice where possible. 
Sometimes the constructs being assessed are 
progressive; sometimes they can be completed in any 
order. When possible, consider letting the child choose 
what to do next. Properly structured narratives can 
provide opportunities for choice by letting children 
choose a story path or character to follow and support. 
Make sure you keep choices centered on the themes of 
focus and high-quality effort. 

Create a sense of relatedness. When a player 
feels related to the content or has a social connection 
to other players, effort and attention may be enhanced 
(Ke, Xie, & Xie, 2016). Applied to screening and 
diagnostic assessments, make trying hard important. If 
children get no reward or feedback for performance on 
a diagnostic assessment, why should they care? The 
answer is unlikely the same for all children, if only for 
developmental reasons, but research provides some 
clues about how to increase the value of high-quality 
effort. For older children who have self-regulation and 
meta-cognitive capabilities, appealing to the possibility 
of improved future academic performance may help 
(Yeager, et al., 2014). Younger children may be eager 
to please those they care about (Walton & Brady, 
2017), whether family, teachers, or characters in a 
narrative. 

 

Discussion 

Cautions with Feature Analysis in Screening/ 

Diagnostic Assessments 

The lack of consistent results in prior assessment 
and gaming research may well reflect variations in 
implementation. While the evidence points to 
potentially productive features, as described above, it 
also reveals areas of caution. If not applied 
appropriately, the use of game design elements in a 
diagnostic assessment context can actually undermine 
the goals of the assessment. Here are some key 
warnings we distilled from the research. 

First, avoid including activities that might compete 
for limited available time to complete the diagnostic 
assessment. Concern about the amount of testing in 
schools and how it might crowd out time for 
instruction has grown in recent years (Hart, et al, 2015). 
Assessment needs to be time-sensitive. Time spent 
customizing a character’s appearance or buying 
cosmetic accessories takes away time from the 
diagnostic tasks. The game overhead, in this context, 
needs to be very efficient. 

Second, as mentioned previously, avoid the use of 
rewards, such as accruing points or mini games in the 
midst of assessment, that may encourage children to 
rush through the assessment to get to the games. The 
goal is to elevate the value of the diagnostic activities, 
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not send the subliminal message that they are only 
worth doing for an extrinsic reward. 

Third, avoid distracting graphics. Engaging visuals 
may help enroll children in the narrative context, but 
attention is a limited resource (Sweller, 1994; Sweller, 
Aures, & Kalyuga, 2011). Designing instructional 
graphics and animations effectively is a challenge by 
itself (Mayer & Moreno, 2003; Ng, Kalyuga, & Sweller, 
2013). Extraneous visuals related to the game context 
risk drawing student attention away from an 
assessment task. 

Fourth, be wary of the cost of narrative overhead. 
Stories can be motivating but they can also take time 
to set up. In addition, the elements of the narrative 
could compete for the limited attentional resources just 
mentioned. Keep narratives simple, quick, and 
accessible. 

Games offer a tantalizing vehicle for engaging 
children in assessments. Game players, after all, 
typically exhibit the kinds of focused attention, effort, 
and persistence assessment designers hope children 
will display while completing screening or diagnostic 
tasks. Existing research suggests game features that 
should induce sustained, high-quality effort among 
test-takers. That same research also reveals how the 
implementation of gaming in assessment might lead to 
the opposite result. Thoughtful, iterative assessment 
design should be coupled with rigorous formative 
evaluation to continue to clarify effective from 
ineffective practices. 
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