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Abstract

Abstract

Testing is not just a tool for assessing the extent of knowledge mastery; it also
involves retrieval, which can promote learning. In an era of information explosion,
where we encounter new information and knowledge every day, learning how to
effectively process new information becomes particularly important. Research has
found that conducting interim tests during continuous learning processes reduces
proactive interference from previously learned material, thus facilitating the retention
of subsequently learned new information. This phenomenon is known as the forward
testing effect. In educational practice, learners often need to grasp a large amount of
learning content within a short period, such as during intensive review sessions before
important exams like the college entrance examination or final exams. Previous
research has demonstrated that dividing a given study period into multiple learning
sessions or intervals leads to better learning outcomes compared to short-term
concentrated learning, a phenomenon known as the distributed practice effect. Previous
research on spaced learning has mostly focused on the same learning materials. It
remains unclear how spaced learning affects the acquisition of new knowledge.
Furthermore, whether combining spaced learning with testing is more beneficial for
memory retention and promotes long-term knowledge retention also requires further
investigation. Therefore, this study integrates the paradigms of the forward testing
effect and the distributed practice effect to examine the roles and underlying
mechanisms of two types of time delays in the learning of new information: (1) the
retention interval between learning and testing; (2) the lag between initial learning and
new learning.

Experiment 1 employed a 2 (learning strategy: testing, restudy) x 2 (interval time:
1 minute, 6 minute) between-subjects experimental design. It investigated whether the
retention interval between learning and testing could facilitate the learning of new
information. The results revealed that there was no significant main effect of interval
time on recall performance for List 4 or on recall performance in the final test. This
suggests that introducing a 6-minute interval did not enhance the learning of new
information. Regarding proactive interference, there was a significant main effect of

learning strategy, with the testing group showing significantly lower proactive
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interference than the restudy group, supporting the proactive interference reduction
theory. Experiment 1 did not find evidence that adding a delay between learning and
testing could promote the learning of new information. In Experiment 2, to better align
with real-world teaching environments, the delay was introduced between the learning
of each list to investigate its effect on learning new information.

Experiment 2 employed a 2 (learning strategy: testing, restudy) x 2 (lag time: 1
minute, 6 minute) between-subjects experimental design. It investigated whether
adding a lag between the learning of each list could facilitate the learning of new
information. The results revealed significant main effects of lag time on recall
performance for List 4 and recall performance in the final test, indicating that the recall
performance was significantly higher in the 6-minute lag group compared to the 1-
minute lag group. There was also a significant main effect of learning strategy, with the
testing group outperforming the restudy group. Moreover, both testing and increased
lag time led to a continuous decrease in participants' levels of mind wandering. These
results suggest that combining lag with interim testing between learning sessions can
better promote the learning of new information and enhance the forward testing effect.

Experiment 3, building upon Experiment 2, extended the final test to 48 hours later
to investigate whether the combined learning strategy of distributed practice and testing
could promote long-term memory of new information. Similarly, it employed a 2
(learning strategy: testing, restudy) x 2 (lag time: 1 minute, 6 minute) between-subjects
experimental design. The results were consistent with Experiment 2, showing that the
combined effect of distributed practice and testing still existed in the delayed test after
48 hours. This indicates that learning new information in a spaced manner can facilitate
the long-term retention of knowledge.

In summary, the results of this study indicate that adding lags between learning
different lists, i.e., using distributed practice strategy, leads to greater forward testing
effects. This suggests that the combination of distributed practice and interim testing
can jointly promote the learning of new information. Mediation analysis indicates that
a combination of the release from proactive interference theory and the attention

attenuation hypothesis can better explain the enhancement of forward testing effects.

Keywords: Interim test recall; Forward testing effect; Distributed practice; Distributed
practice effect; Lag
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