Advances in Educational Technology and Psychology (2022) DOI: 10.23977/aetp.2022.060519
Clausius Scientific Press, Canada ISSN 2371-9400 Vol. 6 Num. 5

Review on the Testing Effect

Liuging Yang

School of Public Adminstration, Sichuan University, Chengdu, Sichuan, 610065, China
bieshiyu@gmail.com

Keywords: Testing effect, Long-term memory, Learning strategy

Abstract: The retrieval of information from memory through testing produces learning
advantages that are superior to studying alone, a phenomenon called the testing effect. As an
efficient learning strategy, the testing effect has received more attention in recent years. This
paper reviews the researches on the factors influencing the testing effect and points out the
future research directions.

1. Introduction

The retrieval of information from memory through testing produces learning advantages that are
superior to studying alone, a phenomenon called the testing effect. The study of the testing effect
began with Abbott and Gates, but it didn’t receiv much attention at that moment[1][2]. Only after
Roediger and Karpicke published their study did researchers begin to focus on the testing effect[3][4].
Subsequently, the number of research on the testing effect has grown[5].

The veracity of the testing effect has been supported by a lot of experiments. Laboratory studies
have shown that tests are effective in improving long-term memory for knowledge compared to
restudying[6][7]. Studies with students of different educational levels have shown that tests can
similarly improve long-term memory for knowledge in real-life contexts[8][9][10].

Most studies of the testing effect have focused on the effect of testing on memory for knowledge.
However, other studies have shown that the testing effect also exists in skill learning. Kromann et al.
[11] randomly divided students enrolled in an in-hospital resuscitation program into a treatment group
and a control group. Both groups spent four hours in class. In the treatment group, students were
given three and a half hours of instruction and training, and half an hour of testing. In the control
group, the four hours were used to instruction and training. Both groups were going to be tested two
weeks later. The results showed that the performance of treatment group was significantly better than
that of the control group. In addition, researchers studied students who took a surgical suture course,
and the results also proved the veracity of the testing effect[12].

Dunlosky et al.[13] evaluated the effectiveness of various learning strategies and found that
students commonly used learning strategies such as labeling and summarizing learning content, and
using keywords to associate language materials, and repeat learning materials, etc. , which are very
ineffective. In contrast, retrieval practice was the most effective learning strategy.

In conclusion, the testing effect is proved by existing research.
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2. Influencing factors of testing effect
2.1 Feedback

Previous studies have shown that the testing effect can be influenced by feedback, and tests with
feedback have better results than tests without feedback. For example, in a study by Lipko-Speed et
al.[14], each participant was asked to learn 20 terms (including their names and definitions) , then the
participants were showed these terms in different ways (test with feedback, test, restudy, control) .
The five terms under the control condition would not appear after the students learned them. The five
terms under the restudy condition would appear again for the students to restudy. For the five terms
under the test condition, with only their names displayed students were asked to enter the definition
of the term. The five terms in the test with feedback condition are presented as same as the test
condition, unless the correct answer is presented immediately after the student has entered the
definition. One week later, these students were tested. The results showed that the students' memory
of the terms under the test with feedback condition was better than that under the test without feedback
condition. The results of Rowland's meta-analysis also suggest that feedback can facilitate
memory[14]. In addition, some research tables suggest that delayed feedback is more effective than
immediate feedback[16][17].

However, the meta-analysis of Adesope shows that the testing effects was not influenced by
feedback[18]. After completion of the initial test, the test with feedback does not produce a stronger
testing effect than the test without feedback. The authors also suggested that this result may be related
to the limitations of their meta-analysis.

In conclusion, although existing studies show that the testing effect is influenced by the feedback,
a recent meta-analysis do not support this idea. Since these results may has several deficiencies
identified by the authors, future studies would consider doing a meta-analysis to overcome these
limitations and re-evaluate the effect of feedback on testing effect. Future research could consider
another meta-analysis to reassess whether feedback can influence the testing effect.

2.2 Material

Most of the materials used in studies that support the testing effect are simple textual materials (e.
g., a list of words) . However, in reality, the materials that students learn in the classroom are usually
more complex. Is there a testing effect when learning materials are more complex? It is found that
the testing effect still exists in complex materials. For example, in materials based on the workings
of mechanical systems[19], more integrated texts[20][21][22], spatial information[23][24],and
scientific concepts that are more difficult to learn[14], the retrieval practice group all outperformed
the restudying group in terms of long-term memory performance in experiments.

Some researchers have questioned such results. For example, van Gog and Sweller synthesized
some previous experimental studies to argue that the testing effect decreases amd even disappears
when facing more complex learning materials[25].

In conclusion, although a large number of studies have shown that the testing effect is applicable
to complex materials, there are still skeptical voices. Since the forms of complex materials used in
the current study are not abundant enough, future studies can use multiple forms of complex materials
to investigate the applicability of the testing effect.

2.3 Test format

The classic testing effect experiment includes two phases of testing. The first stage is the initial
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test, which is the test administered to students in the treatment group after they have learned the
materials they were asked to learn (students in the control group were then asked to repeat the
previously learned materials). The second stage is the final test, which is administered after students
completed the learning task. The second stage is designed to measure the final memory effects of the
treatment and control groups.

Tests are given in the form of free-recall, cued-recall, multiple-choice, recognition, and short-
answer. Research has shown that all of these test formats can produce testing effect. In an
experimental study[26], subjects were divided into four groups, a control group (restudying group)
and three treatment groups (whose initial test forms were: free recall, cued recall, and recognition).
The results showed that all three treatment groups had significantly better long-term memory effects
than the control group, which means that all three test formats produced the testing effect.

Testing effect can be influenced by the form of the test. Research shows that free recall is better
than recognition[26][27].The testing effect is also affected by the difference between the form of the
initial test and the final test. The results of meta-analysis show that when the initial test and the final
test are in the same form, the effect is more obvious than when they are in the different form[18].

2.4 Test timing

Testing effect can be influenced by the test timing. There are two types of test timing, interspersed
and at-the-end. In one class, for example, students are asked to take a test each time they finish a part
of the class, while the at-the-end test is a test that students take after they have completed the lesson.

Weinstein et al. compared the effects of the interspersed and at-the-end on the testing effect[28].
In their experiment, subjects were divided into three groups and received three treatments:
interspersed test, at-the-end test, and none. In the interspersed test group, subjects were given a
corresponding test for each part of the materials they learned. In the at-the-end test group, subjects
were given a test only after they had learned all the materials, and in the restudy group, subjects only
learned without being tested. The test questions used in the interspersed test and the at-the-end test
groups were identical, with the former being presented one by one and the latter being presented at
once. The results showed that the memory performance of the interspersed test group was better than
that of the at-the-end test group during the initial test phase. However, during the delayed testing
phase, although both tested groups outperformed the restudy group in terms of memory performance,
there was no longer a significant difference between the memory performance of the interspersed test
group and the at-the-end test group. Since the testing effect is concerned with the long-term memory
effects resulting the test, offering the test at the end of the learning phase may be a more effective
timing to test than interspersed testing.

2.5 Individual differences

A large number of studies have proved the testing effect, but these studies have been conducted at
the group level, meaning that groups that used tests had better long-term memory effect than groups
that used restudying strategies. However, at the individual level, do all individuals who used the test
have better long-term memory effects than the restudying? Research denies this idea. Brewer and
Unsworth's study showed that not all those who used the test showed improved memory effects[29].
Only two-thirds of students benefit from the retrieval practice, 12% of students who used the test
performe no differently from repetition, and 21% of students who used the test performed worser than
repetition. Thus, the testing effect does not equally work for all students, and it may be related to
individual differences.

Studies of individual differences in cognitive ability have shown that the testing effect is not
affected by reading comprehension and processing speed[30]. Furthermore, it has been shown that
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situational memory ability can affect the testing effect, with individuals with low situational memory
ability showing stronger testing effect[29]. However, in Pan et al.'s study[31], the testing effect were
not found to be influenced by situational memory ability, which is also supported by Robey's
study[32]. Robey's study showed that the testing effect were not influenced by situational memory
ability and general fluid intelligence, but were influenced by the learning strategies used in the
learning process. Specifically, students who used less effective or no memory strategies gained more
from testing than students who used effective memory strategies. The testing effect are similarly
unaffected by working memory capacity[33].

Studies of individual differences in personality traits have shown that the testing effect are not
influenced by cognitive need and grit [33].

Studies of individual differences in individual states have shown that the testing effect is not
affected by stress[34].

In conclusion, existing studies suggest that the testing effect is not influenced by many individual
differences. However, there are still relatively few studies on the relationship between testing effect
and individual differences, and future studies can further explore the effects of other individual
differences on the testing effect.

3. Conclusion

Through a large number of studies in the last decade or so, researchers have gained a relatively in-
depth understanding of the testing effect. Research on the applicability of the testing effect has shown
that the testing effect is very generalizable. Researchers have found the testing effect in different
contexts (laboratory, classroom), with different test materials, test formats, and test timing.
Nevertheless, there are still some questions that researchers need to answer, such as the relationship
between individual differences in other areas and the testing effect.
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