
 

Volume 46 (2) December 2020. St. Clair, B., & Jensen, J.L. Modulators of Test Enhanced Learning in Post-Secondary Biology….22 

Modulators of Test-Enhanced Learning in Post-Secondary Biology 
 

Bryn St. Clair*and Jamie L. Jensen 

Department of Biology 

Brigham Young University 

Provo, UT 84602 

 

*Corresponding author. Dept. of Biology, 4102 LSB, Brigham Young University, Provo, UT 84602.  bes@byu.edu 

Abstract 

Cognitive scientists and psychology researchers have given growing attention to evidence of the testing effect, that 
is, the improvement of students’ recall through memory-retrieval practice in the form of quizzes and exams. While 
laboratory experiments consistently show dramatic positive effects on learning through the testing effect, discipline-
specific education researchers have sought to generalize these findings in real, instead of simulated classrooms. Our 
objective in this review was to survey recent findings on the testing effect in post-secondary biology education and 
synthesize how those findings may modulate learning in the post-secondary biology classroom.  We found that: (a) 
Increased exam frequency increases the testing effect; (b) Corrective feedback on exams may enhance the testing 
effect; (c) Incentives, such as points, may decrease the positive outcome of learning through the testing effect, 
though little research in actual classrooms on this widely used practice is found; (d) Individual differences in student 
achievement and preparation may moderate the effect.  We consider how further research on the testing effect may 
be useful for instructors’ decisions regarding its use.

Introduction 

In recent decades, science education reform has 
involved stronger collaboration between cognitive 
and education researchers interested in applying 
their findings from laboratory research to subject-
specific disciplines. Discipline-based education 
research (DBER) is central to the effort at the post-
secondary level (e.g., Carpenter et al., 2016). Several 
principles of learning from cognitive-science 
laboratory studies have hypothetical applications for 
instructional practice in STEM classrooms. In this 
article, we review the recent findings on one such 
principle of learning for application in post-secondary 
biology education —the testing effect. 

The testing effect is the improvement of 
students’ learning through classroom testing. It is also 
known as retrieval practice, practice quizzing, or test-
enhanced learning (for a review see Roediger & 
Butler, 2011). For example, information that appears 
on a quiz will more likely be recalled later than 
information not tested. Terms such as test, exam, and 
quiz are most commonly associated with assessment 
in education. In simple language, assessment is the 
measurement of how much students have learned of 
what the teacher has taught. In this way, assessment 
informs teachers of the effectiveness of their 
instruction in terms of student learning (Black & 
Wiliam, 1998). Even though an exam on previously 
presented content is sometimes considered, in itself, 

a neutral learning event, researchers in cognitive 
psychology, education and neurobiology have 
reported that learning may be enhanced when it is 
retrieved through testing (Roediger & Karpicke, 
2006). Specifically, retrieving information from 
memory may enhance the cues for future retrieval.  

A recent resurgence of research on this topic has 
been largely conducted in cognitive-science 
laboratories in controlled studies (Roediger & Butler, 
2011) using varied material, including word pairs 
(Carrier & Pashler, 1992; Karpicke & Roediger, 2008), 
general facts (Butler et al., 2008), trivia (McDaniel & 
Fisher, 1991), and textual passages (Kang et al., 2007). 
Researchers have also examined the differential 
effects of the testing effect using varied assessment 
formats, including multiple-choice items (Marsh et 
al., 2007), open- and closed-book items (Agarwal et 
al., 2008), and inference items (Karpicke, 2012). The 
results of a multitude of studies on the testing effect 
have been featured in confirmatory meta-analyses 
(Bangert-Drowns et al., 1991; Phelps, 2012; Rowland, 
2014; Schwieren et al., 2017). Officials at the Institute 
of Education Sciences, sponsored by the US 
Department of Education, have recommended the 
adoption of testing and retrieval practice at all levels 
of education, including the post-secondary level 
(Pashler et al., 2007). 

The extent to which research on the testing 
effect applies to learning biology at the post 
secondary level is critical in making decisions in its use
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(Daniel, 2012). Given both the consistent findings on 
the testing effect in laboratory studies, and 
researchers’ confidence in recommending the 
method as a means of improving student learning, 
there is a growing motivation to understand the 
mechanistic boundaries that may influence the 
testing effect as it applies to learning in discipline-
specific classrooms. Perhaps due to the demand for 
STEM education reform, the body of testing effect 
literature in recent years has expanded to include 
information pertinent to the application of the testing 
effect in post-secondary biology classrooms. A 
summary of the testing effect in biology education at 
the post-secondary level is not found in the current 
literature. Here we present an overview of the testing 
effect specifically in post-secondary biology 
education and discuss the implications for further 
research and application of the testing effect. The key 
questions being addressed are:  

• How does the classroom structure of 
assessment influence learning through the 
testing effect in biology education? 

• How does assessment format and content 
influence learning through the testing effect 
in biology education? 

• What student characteristics influence 
learning through the testing effect in biology 
education? 

How does the classroom structure of assessment 
influence the testing effect in biology education? 

Assessment frequency 

Researchers have found a positive relationship 
between the higher frequency of classroom 
assessments and academic achievement (Phelps, 
2012). The importance of testing frequency has also 
been shown more specifically in biology education 
research at the university-level. For example, 
frequent quizzing improved learning outcomes in 
post-secondary biology over standard unit exams 
(Bailey et al., 2017). Haak et al. (2011) also 
implemented a highly structured course design in an 
introductory biology course based on daily and 
weekly assessments in problem-solving, data 
analysis, and other higher-order cognitive skills. The 
design was associated with improved performance in 
all students enrolled in the course and reduced the 
performance gap between socioculturally 
disadvantaged and non-disadvantaged students. In a 
final example, Pape-Lindstrom et al. (2018) measured 
an increase in student performance in a community 

college biology course when they implemented 
frequent pre-class online and open-book reading 
assessments. 

Overall, increased frequency of testing 
experiences appears to improve learning. The 
increased frequency of assessment has been 
reported as positively correlated with lower course-
failure rates, higher course point totals, and higher 
scores on midterm assessments (Freeman et al., 
2007) as well as increased academic motivation 
(Healy et al., 2017). Importantly, Leeming (2002) 
surveyed University of Memphis students and 
reported their greater satisfaction with courses that 
included more frequent assessments. Students also 
indicated that they learned more as a result. By 
simply increasing the frequency and number of exam 
experiences instructors can enhance the testing 
effect in the biology classroom for students. 

Assessment Incentives 

Incentives in terms of assessment scores and 
points are commonly used to motivate students and 
may have an influence on the testing effect. However, 
researchers typically have not treated classroom 
incentives per se as an experimental variable with 
regard to the testing effect. Hinze and Rapp (2014) 
awarded monetary compensation to lab study 
participants based on performance. Subjects scored 
relatively lower on high-stakes biology exams than 
low-stakes biology exams. The current application of 
incentives in the biology education classroom studies 
on the testing effect is varied and a clear 
understanding of the implications with regard to the 
testing effect is not well- defined in the literature. 
While researchers intuitively recommend low-stakes 
quizzing as an important safeguard against student 
test-anxiety in post-secondary biology, particularly on 
mid-course formative assessments, little classroom 
research has addressed this idea experimentally. In 
one exception, St. Clair et.al. (2020) found no 
difference between students’ performance on exams 
with high- and low- incentive levels (21% vs 10% of 
the course points total on exams) in an introductory 
college-level biology course. Further research on 
classroom incentives and learning through the testing 
effect will be important to understand the interaction 
between more extreme levels of course incentives 
and the testing effect. 

Traditional post-secondary courses frequently 
assess students in two ways: Formative assessment 

 that communicates learning progress to both a 
student as well as the instructor 
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Traditional post-secondary courses frequently 
assess students in two ways: Formative assessment 
that communicates learning progress to both a 
student as well as the instructor, and summative 
assessment that in generally is performed at the end 
of a course to measure overall mastery of course 
material. A course instructor may remove the 
incentives from a formative assessment and make the 
experience voluntary. Student self-reported 
voluntary use of self-testing is correlated with 
increased student achievement (Hartwig & Dunlosky, 
2012). Specifically, in university-level biology, 
Carpenter et al. (2017) reported that students who 
opted for quizzes as a review tool in a general-biology 
course scored higher on the initial examination in the 
course than those students who selected reading-
based review instead. Subsequently, researchers 
promoted quiz completion using a classroom 
presentation of the differential outcome on 
examination performance. Increasingly more 
students participated in voluntary assessment 
practice prior to each subsequent examination, 
producing higher mean scores on the examinations. 
Others have modeled effective optional learning 
strategies (Rodriguez et al.,2018) and offered 
voluntary workshops promoting the testing effect as 
a learning strategy in large post-secondary biology 
courses (Stanger-Hall et al., 2011).  Both strategies led 
to improved student learning. Peat and Franklin 
(2003) found no differences in the learning of 
students who participated in a voluntary quiz activity 
and those who did not. Yet, in a follow-up study, Peat 
et al. (2005) found an increase in mean summative 
exam score in voluntary second-year student 
participants compared to first year voluntary student 
participants.  

Assessment Feedback 

Informing students of the assessment items they 
missed and the correct answer to those items is 
generally referred to as feedback and is an influential 
factor in the testing effect (Kang et al, 2007). Retrieval 
practice is effective without feedback, but feedback 
enhances learning with the testing effect (Pashler et 
al., 2005; Lavigne & Risko, 2018). Jacoby et al. (2010) 
found that feedback enabled bird classification with 
fewer exam experiences. In another study, 
researchers displayed feedback to subjects following 
initial fill-in-the-blank items with process-based 
biology concepts (e.g., stages of mitosis) and found an 
increase in performance on final fill-in-the blank 
questions when feedback was given (Pan et al., 2019). 
The majority of studies on the testing effect and 

biology learning use feedback as a consistent part of 
testing, and the empirical evidence from laboratory 
studies seem to support this practice, yet relatively 
few studies exist that examine the effects of feedback 
on the testing effect specifically in the biology 
classroom. More work in this area is needed to 
understand the role of feedback on the testing effect 
in biology education. 

How does assessment format and cognitive skill 
influence the testing effect? 

Assessment Format 

The initial test format may influence the final test 
success (Kang et al., 2007). According to Glover 
(1989), short answer, and fill-in-the-blank item 
formats both increased the testing effect over 
multiple-choice and true-or-false formats. However, 
Little and Bjork (2015) found that multiple-choice 
items were more effective when they contained 
strong distractor options and feedback. More 
specifically, Pagliarulo reported that multiple-choice 
and short answer assessment formats could be useful 
on complex biology content (2011). Hinze (2010) 
assessed post-secondary students on biology content 
in laboratory experiments and found that cued-recall 
assessment format (a sentence that includes 
pertinent content preceding the assessment item) 
improved performance on memory items while 
removing the cues from recall items made retrieval 
practice more difficult and less effective. Presumably, 
generating information on one’s own, if successful, 
could increase the effectiveness of free-recall 
assessment items over cued-recall assessment items 
(Carpenter & DeLosh, 2006), yet there is an inherent 
balance between increasing effortful processing and 
overloading a student's ability to successfully do the 
task (see Pyc & Rawson, 2009). More research needs 
to be done specifically in post-secondary biology 
classrooms with regard to item type and the 
effectiveness of the testing effect to bring about 
student learning. 

Assessment and cognitive skills 

Although many instructors seek to develop high-
level cognitive thinking in their students, most 
assessment items are specific to memory retrieval of 
subject content rather than application, analysis, 
evaluation, and creativity (Momsen et al., 2010). As 
such, quiz and exam questions that are related in 
content subject-material but do not focus on the 
same specific learning outcome or concept may not 
show a testing effect (Nguyen & McDaniel, 2015). 
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biology, it appears that the standard procedure of 
using quiz questions from the test bank provided by 
ancillary sources (e.g. textbook companies) may not 
benefit student performance unless the summative 
exam questions are closely tied to the targeted 
learning outcomes created for the course and taught 
by the instructor (Wooldridge et al., 2014). 
Instructors should pay specific attention to 
coordinating intended learning outcomes with 
assessment items to enable learning through the 
testing effect. 

Researchers argue for the strength of the testing 
effect with complex material (Karpicke & Aue, 2015; 
Rawson, 2015; Burns, 2010). Jensen et al. (2014) 
found routine quizzing requiring application, analysis, 
and evaluation of biology material could be useful in 
promoting both conceptual and higher-order skills 
performance on the final exam in a biology class. 
Agarwal (2011) reported that a match in initial and 
final cognitive processing on assessment items (e.g. 
quizzed and tested on a specific skill) benefits long-
term higher-order skills in learning biology. Further 
research is needed on the testing effect using 
complex material learning in biology in the post-
secondary level classroom including valuable 
reasoning skills used in scientific discovery and 
problem solving. 

What student characteristics influence the testing 
effect in biology? 

Test Anxiety 

Test anxiety is common among undergraduate 
students. In a survey, Gerwing (2015) found that 
38.5% of student respondents reported test anxiety. 
High test anxiety typically is associated with poorer 
test performance, test avoidance, loss of motivation, 
decreased memory retrieval, and impaired attention 
(Wolf & Smith, 1995; Zeidner, 2005). In the 
laboratory, Tse and Pu (2012) replicated the testing 
effect using word pairs while also measuring 
attention to relevant detail and test anxiety. They 
found that students who scored lower on attention to 
relevant detail but higher in test anxiety made more 
errors on average on the final assessment. England et 
al. (2017) surveyed learners in undergraduate biology 
courses that featured active learning pedagogy 
including in-class clickers. High-test anxiety 
accompanied lower self-reported GPA and a weaker 
intention to persist in the biology major. 

By contrast, moderate test anxiety may enhance 
assessment performance (Keeley et al., 2008). A 

majority of students report decreased test anxiety 
when they use retrieval practice (Agarwal et al., 2014) 
and low-stakes in-class quizzing (Khanna, 2015) to 
prepare for a summative course assessment. A clear 
picture of the relationship between individual 
learners’ test anxiety, the testing effect, and biology 
material in a college classroom is weakly defined in 
the literature, partially due to the variable nature of 
individual students and their reaction to test 
experiences.  Clearly isolating variables in the 
ecologically complex classroom is challenging yet 
needed to further clarify the mechanisms 
surrounding these commonly experienced 
pedagogical tools. 

Individual Student Differences in Academic 
Performance 

Researchers have begun to study individual 
student performance differences and the testing 
effect. While some researchers have demonstrated 
the benefit of quizzing in biology to students of 
diverse academic abilities (Orr & Foster, 2013; Pape-
Lindstrom et al, 2014), Hubbard and Couch (2018) 
found that the use of in-class clickers benefited high-
performing students more than low-performing 
students. Carpenter et al. (2016) found that among 
undergraduate biology learners, all benefited from 
the use of frequent assessment, but high-performing 
students benefited more from it than mid- and low-
performing students. Bailey et al. (2017) studied 
increased quiz frequency and categorized students 
into learning history. They found that mid- and late-
learners (those who did not show mastery until the 
second half of the course) comprised 24% of the class 
and specifically benefited more from the increased 
assessment frequency. Butler (2010) found that 
repeated testing produced improved average success 
on assessment items with biology inference questions 
if prior learning of individuals was included in the 
model. Individual differences in student prior learning 
and academic ability may impact the outcome of 
learning biology through the testing effect. 

Conclusion 

The application of research findings from 
cognitive psychology to post-secondary classrooms 
may yield significant benefits in STEM education 
reform. The evidence supporting the testing effect in 
particular may enable learning for students in post-
secondary biology classrooms. Increased test 
frequency influences the testing effect in the biology
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classroom and is the most obvious recommendation 
for immediate classroom application of the testing 
effect. Exam feedback has effectively been shown to 
be an influential moderator of the testing effect in the 
literature, though no specific study in this search has 
experimentally applied feedback to a biology 
classroom. 

Course incentives, such as points or stakes also 
may affect the result of the testing effect in the 
biology classroom. Current application of incentives 
in biology education research is varied and there is 
not a clear understanding of the interaction with the 
testing effect and points. Cognitive psychology 
researchers recommend low-stakes quizzing as an 
important preventive for student test-anxiety in post-
secondary biology, though little classroom research 
has addressed this idea experimentally. Further 
empirical work on classroom incentives, such as 
points and learning through the testing effect will be 
important to understand the interaction. 

The influence of individual learner achievement on 
the testing effect in biology is also a consideration in 
the success of students in STEM and its application to 
the postsecondary classroom overall. Students 
experience test-anxiety, but the influence of anxiety 
on the testing effect in post-secondary biology is not 
thoroughly demonstrated. Early work shows that 
most students can benefit from testing, though it 
seems that learners embody varied characteristics 
that may modify learning through the testing effect. 
Continued experimental application of the testing 
effect in classroom settings may illuminate 
mechanistic boundaries to varied learners. 

The connection between content, cognitive 
process and coordinated learning outcomes on the 
initial and final exam may impact the testing effect. 
Biology instructors can accentuate exam experiences 
by ensuring that the required cognitive skills in both 
formative and summative exam items align with the 
designated learning outcomes in the course. Practice 
retrieval, and in many cases, practice processing, on 
an exam, if successful, could increase the 
effectiveness of learning through tests, yet there may 
be an balance between increasing effortful 
processing and overloading a student's ability to 
successfully do the task. 

Research efforts will continue to illuminate and 
support reforms in STEM education.  The testing 
effect is a promising principle of learning that has the 
potential to aid post-secondary biology teaching.  
Effective instruction needed for deep application and 

conceptual knowledge in biology education will 
require further understanding of the mechanistic 
boundaries of the testing effect as they apply to the 
biology classroom. 
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