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Abstract: The act of testing students on a knowledge set increases their ability to produce 

the same information later. This phenomena, aptly named the “testing effect”, has been 

documented heavily by cognitive psychologists (Agarwal, Karpicke, Kang, McDermott, & 

Roediger, 2008; McDaniel, Roediger & McDermott, 2007; Roediger & Karpicke, 2006a). 

The connotation of the word “testing” elicits high anxieties and questionable measures of 

student knowledge, but this is not necessarily the case. An educator can structure the 

classroom to acknowledge students’ anxieties as well as develop feedback systems that 

integrate the testing effect to improve student learning. This paper advocates for 

pedagogical integration of the testing effect into math education to build problem-solving 

and inductive learning skills. 

 

Background 

The act of testing students on a knowledge set increases their ability to produce the same information later 

(Roediger & Karpicke, 2006). This phenomena, aptly named the “testing effect”, has been documented heavily by 

cognitive psychologists (Agarwal, Karpicke, Kang, McDermott, & Roediger, 2008; McDaniel, Roediger & 

McDermott, 2007; Roediger & Karpicke, 2006a). The word “testing” has a tendency to associate national, heavily-

weighted standardized testing that students endure from kindergarten to universities. However, “testing” in this 

context refers to formative assessments used in the classroom or in the study process by both students and teachers. 

The act of testing student knowledge is thought to enhance retrieval by multiplying retrieval routes (Roediger & 

Karpicke, 2006b). The positive effects of retrieval, and of struggle, on retention are well documented (Auble and 

Franks, 1978; Roediger & Karpicke, 2006b). This constructive impact can account for the increase in information 

retention documented due to the testing effect over the last century (Roediger & Karpicke, 2006b). 

 

 

Description of Retrieval, Use, and Application Process 

 
For students to be able to retrieve, use, and apply knowledge in the long term, as is suggested in real-world 

mathematics problem applications, it is highly effective to practice retrieving, using, and applying knowledge during 

the learning process (Karapicke & Aue, 2015). Utilizing intermittent testing in the math classroom can be beneficial 

to students as it can enhance students’ retrieval of encoded and stored information (Van den Broek et al., 2016). The 

practicing of the “retrieval” aspect has been shown to be more efficient that simple “studying” that consists of mere 

review of information (Van den Broek et al., 2016). Simply put, intermittent testing enhances students’ retrieval of 

information, where as reviewing information only continues the “encoding” aspect of memory storage. Intermittent 

testing also allows students to access this information easier than information review alone, with higher information 

retention rates (Rowland, 2014; Van den Broek et.al., 2016).  



 

Application to the Math Classroom 

 
Previous studies of the testing effect have been evaluated for trivia-type facts (Carpenter, Pashler, Wixted, 

& Vul, 2008), word lists (Carpenter & DeLosh, 2006), text passages (Agarwal, Karpicke, Kang, Roediger & 

McDermott, 2008), name-face association (Carpenter & DeLosh, 2005), and foreign vocabulary words (Carrier & 

Pashler, 1992). A lack of research exists on the manifestations of the testing affect in math classrooms. While math 

facts and arithmetic are important, memorization-style retention of math problems and processes is rarely considered 

optimum math pedagogy. Instead, math standards are increasingly becoming more grounded in problem solving and 

real-world application (National Governors Association Center for Best Practices, 2010). Thus, for further analysis 

of the testing effect in math classrooms, educational researchers must identify the beneficial aspects of the testing 

effect in more complex processes.  

In an article advocating the testing effect in complex learning situations, Karpicke and Aue suggested that 

the complexity of educational materials is independent of retrieval execution. (2015). Regardless of the complexity 

of the task, practicing retrieving, evaluating and using information during the learning process helps students 

retrieve, evaluate and use information over the long term. A complex learning task is comprised of several smaller 

individual skills, which students can isolate and practice related encoding and retrieval (Karpicke & Aue, 2015). 

Karpicke and Aue (2015) referenced the example of learning to play a piece on the piano. In their example, students 

seeking to play a complex piece first study different chords and hand positions, alternately practicing and testing 

their skills, of increasing difficulty before undertaking the piece itself. Aligned to the math classroom, students 

seeking to evaluate a rational function may first practice factoring polynomials, graphing polynomials, and 

evaluating asymptotes. No application of the testing effect in this complex mathematical scenario has currently been 

studied, but the authors of this paper suggest that the application of alternative encoding and retrieval activities will 

increase student learning of the complex mathematical objectives.  

Purposeful feedback on retrieval efforts can enhance the testing effect (Carpenter & DeLosh, 2006). 

Increases in information retention have been observed even in the absence of purposeful feedback, but meaningful 

feedback is known to increase student learning (Roediger & Karpicke, 2006b). Thus, the use of intermittent testing 

in the math classroom gives teachers additional opportunities to give students formative feedback. A resistance to 

intermittent testing often comes from student testing anxieties, often linked to student self-esteem (Sarı, Bilek, & 

Çelik, 2018). The presentation of intermittent testing in the math classroom must therefore be cognizant of student 

testing anxieties and seek to minimize them. In a recent study of medical students, assessments that asked students 

to recall information in shorter pieces produced less anxiety than long-case scenarios (Guraya, Guraya, Habib, 

AlQuiliti, & Khoshhal, 2018). Testing scenarios without an observing evaluator also produced lower anxieties 

(Guraya et al., 2018).  Therefore, middle and high school level students may develop both their skill level and 

confidence from the use of intermittent and brief application testing that is self-graded while being reviewed by the 

teacher. 

Students also report lower anxiety when preparing for and taking open-book tests opposed to closed-book 

tests (Agarwal, Karpicke, Kang, Roediger, & McDermott, 2008).  However, open-book tests are rarely present as 

part of traditional high school math assessments as there is the connotation that the students do not have to truly 

“know” the information. Contrary to this belief, open-book tests have been shown to generate the same positive 

effects on learning via the testing effect as traditional closed-book tests (Agarwal et al., 2008). Therefore, to 

minimize student test anxieties while also taking advantage of the information retrieval benefits of the testing effect, 

teachers can look to open-book mathematics tests to assist their students in learning.  

 

Reflections and Conclusion 

 
Math applications of the testing effect are under-researched but show great promise in influencing students’ 

command of content in the short and long term.  Further, a common criticism of math pedagogy is that students 

learn procedures but not reasoning or problem solving skills (Staub & Stern, 2002). Critics suggest that applications 

of the testing effective using formative open-book assessments designed to enhance student retrieval will 

conceivably promote the same procedure-based mentality, instead of inductive learning. Induction refers to the 

generalization of individual’s previous experiences when making situational inferences that go beyond direct 

experience (Yang & Shanks, 2017). If students are to becoming adept problem solvers, they must be able to apply 

information outside of the context in which it was first experienced. Moreover, recent research has shown 

intermittent testing can enhance inductive learning in applications asking learners to extrapolate artistic analyses 



(Yang & Shanks, 2017). Therefore, the authors of this article propose that intermittent, open-book testing 

incorporated into a math classroom can enhance the inductive knowledge application needed to solve complex math 

problems as well as further develop the skill and confidence levels of learners.  
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