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Technology Enabled Formative Assessment 
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Questions, or want to add to this topic or to a new topic? Contact CIRCL. 
	

Overview 

Formative assessment occurs when teachers check student understanding and guide decision making to 
improve learning. Formative assessment is a powerful way to improve student achievement, particularly 
when teachers use data to adjust instruction (Black & Wiliam, 1998a, 1998b; Boston, 2002; Roediger & 
Karpicke, 2006; Speece, Molloy, & Case, 2003). Formative assessment can provide critical information 
about whether students understand the targeted concepts and skills, and if not, what problematic or partial 
understandings are present instead. Teachers can use the evidence about student understanding to guide 
students from partial or incorrect understandings toward targeted learning goals. 

Black and Wiliam’s (1998a) review of 250 studies found effect sizes for formative assessment to be larger 
than those seen for any other instructional intervention tested. Formative assessment has also been 
shown to have beneficial effects for student motivation: feedback to students about progress and 
performance can increase student persistence, sense of self-efficacy, and self-regulated learning (Black 
and Wiliam, 1998; Brookhart, 1997, 2001; Stiggins, 2001b). Still, teachers often feel they don’t have time to 
assess students due to tight schedules for covering new content (Dodge, 2009). 

Technology enabled formative assessment has the potential to bring formative assessment and the 
associated benefits to more teachers, students, and classrooms in a timely, usable fashion (Bennett, 1999; 
Pellegrino, Chudowsky, & Glaser, 2001). Technology can help educators effectively implement formative 
assessment by enabling more immediate feedback, displaying feedback in readily usable ways, and by 
providing new possibilities for assessing student understanding of scientific phenomena in dynamic, 
interactive ways (Gobert et al., 2013). Technology-based systems, which log students’ actions in a non-
intrusive way , can react on the basis of formative data to scaffold student learning in real time–even on 
open-ended, higher-order thinking skill tasks (Pellegrino, et al., 2001). (See, for example, the CIRCL 
Spotlight on dynamic formative assessment to enhance learning in virtual biology labs.) When carefully 
designed to align with the curriculum, standards, and large-scale tests, technology-supported classroom 
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assessment further has the potential to generate data that are usable not only in guiding classroom 
instruction, but also in informing accountability programs (e.g., Wilson & Draney, 2004) and in improving 
program implementation. 
 
Interest in technology-enabled assessment in K-12 Education is accelerating (Olson, 2004). Important 
drivers of growth include the ongoing shift of assessment from paper to digial media, educational policies 
that promote formative assessment, and the desire of actors at all levels of the educational system to 
improve their performance. Today, many online testing companies (such as Renaissance Learning, 
www.renlearn.com) automatically grade students and provide reports. Classroom response systems (e.g., 
clickers) have been widely used to pose multiple-choice questions and collect responses from students 
instantly; students’ responses can be aggregated visually and shared immediately with the class for 
discussion (Bransford, Brophy, & Williams, 2000; Roschelle, Penuel, & Abrahamson, 2004; Zurita, 
Nussbaum, & Salinas, 2005). 

Commercially-available formative assessments, however, tend to focus on the most conventional aspects 
of school topics. Available assessments are more likely to measure student understanding of facts and 
procedures than concepts and strategies. They are more likely to be informed by classical test theory than 
by learning science methods, such as evidence-centered design (ECD; Mislevy, Steinberg, & Almond, 
2003; Mislevy & Haertel, 2006). Formative assessments which are aligned to the ambitious elements of 
today’s standards are rare. Thus, important opportunities for advancing the field await research-based 
initiatives that integrate learning science-based views of content and learning with technology and with 
modern assessment frameworks such as evidence-centered design. 

Indeed, NSF-funded dynamic assessment systems such as ASSISTments, Science Learning by 
Inquiry,Diagnoser.com, and Simbio are going beyond commonplace formative assessments. For example, 
they combine formative assessments with real-time scaffolding of student learning. When students 
respond to problems in these systems, they receive hints and tutoring to the extent they need them, based 
on a student model that is developed and constantly updated by the system. Research-based systems are 
exploring the use of games, visualizations, and simulations in formative assessment, as well as more 
complex tasks and scenarios. These systems also provide teachers with detailed diagnostic reports to help 
them adjust their instruction accordingly. 
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Issues 

While the positive role of formative assessment has been widely accepted in the educational field, 
challenges persist for the implementation of formative assessment practice and technology-enabled 
formative assessment in schools. 

Data Mining. A key issue is the complexity of the log data from technology-enabled learning environments, 
and the difficulty of meaningfully distilling, parsing, and aggregating the large amounts of log data 
generated by students as they work in such environments (Quellmalz & Pellegrino, 2009; Gobert et al., 
2013). See the Educational Data Mining and Learning Analytics synthesis for more discussion of this issue. 
 
Professional Development. The most effective formative assessments are embedded within the 
classroom and happen on a moment to moment basis. An implementation challenge is developing 
formative assessment practices in teachers and integrating these with instruction (including what 
concretely, they should do next). Technology-enabled formative assessment practices have the potential to 
increase student learning, but only where the teachers are prepared to adjust instruction and learning 
activities quickly and responsively while learning is in practice. Professional development needs to be 
provided to help teachers understand the output of formative assessment systems and respond to the 
results appropriately. 
 
Design and Accessibility. The user experience (for both student and teacher views) needs to be well 
designed and highly accessible to lower the demands for teachers and students. For example, the ease of 
collecting data in technology-enabled assessment systems can lead to reports that could be 
overwhelming.The technology, ideally, should provide clear opportunities and resources for intervention. 
Careful design is required so that assessment feedback and reporting is informative and understandable 
and can be immediately acted upon by teachers and students. 
 
Technology cost and support. The cost of introducing technology (clicker systems, laptop or desktop 
computers, touch pads, smart boards or other types of display stations, etc.) in the classroom can be high. 
When a project introduces technology into a classroom, how will the technology be maintained? What 
technology support is provided by the project vs. the school? Who pays for repairs? Can the school IT staff 
understand and support the technology? 
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Projects 

Examples of NSF Cyberlearning projects that overlap with topics discussed in this primer (see project tag 
map). 

Cyber-enhanced/computer-assisted assessments 

• Badge-Based STEM Assessment: Current Terrain and the Road Ahead 
• EXP: Enabling Pedagogical Communication Between Learning and Programming Environments 
• EXP: Collaborative Research: Fostering Ecologies of Online Learners through Technology 

Augmented Human Facilitation 
• EXP: Collaborative Research: A cyber-ensemble of inversion, immersion, collaborative workspaces, 

query and media-making in mathematics classrooms 
• BCC-SBE/EHR: Developing Community & Capacity to Measure Noncognitive Factors in Digital 

Learning Environments 
 
More posts: cyber-enhancedcomputer-assisted-assessments 

Formative assessment 

• Badge-Based STEM Assessment: Current Terrain and the Road Ahead 
• EXP: Enabling Pedagogical Communication Between Learning and Programming Environments 
• EXP: RUI: Exploring Spatial-Temporal Anchored Collaboration in Asynchronous Learning 

Experiences 
• EXP: Learning Lens: An Evidence-Centered Tool for 21st Century Assessment 
• EXP: Building a Learning Analytics System to Improve Student Learning and Promote Adaptive 

Teaching Across Multiple Domains 
 
More posts: formative-assessment 
	

Resources 

Exemplary web sites and examples: 
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Technology to Support Next-Generation Classroom Formative Assessment for Learning 
ASSISTments mathematics tutoring system 
Diagnoser.com instructional tools for science and mathematics 
Simbio virtual biology experiments 
Science Learning by Inquiry microworlds for inquiry 
SimScientists science learning and assessment projects 
Virtual Performance Assessment Project to assess students’ science inquiry skills 
Situated Assessments Using Virtual Environments (SAVE) Science 
Crystal Island intelligent game-based learning environment 
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