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ABSTRACT 
The ability of directed forgetting is closely related to the individuals’ level of effortful control. This study aims to 
investigate the effect effortful control has on the level of directed forgetting. Forty-nine Chinese participants of ages 
between 18 and 25 were invited to this study. Participants were selected according to their level of effortful control, 
and they were divided into four groups, with each group doing different memory tests. Afterward, they were presented 
with Chinese characters that are less common, followed by an interference task. In the next stage, participants were 
tested with a recognition task or perceptual identification task. In explicit memory, there was an interaction effect 
between cues and participants’ performances in memory tasks (p < 0.05), while in implicit memory, no such effect 
was observed (p > 0.05). The findings suggest that although directed forgetting exists in both explicit and implicit 
memory, the level of effortful control does not affect implicit memory, and in explicit memory, individuals with a 
higher level of effortful control show the better ability of directed forgetting This study provides evidence that there is 
a relationship between temperament and memory.  
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1. INTRODUCTION 

Directed forgetting (DF) is an experimental 
procedure developed in the late 1960s as an analogue to 
normal updating of memory [1]. DF refers to the 
intentional and cognitive forgetting of memorized 
information [2]. The research paradigm of directed 
forgetting, on the other hand, was first formally 
proposed by Bjork in 1972. Bjork suggested that to 
measure directed forgetting, the subjects were first 
presented with learning materials, with part of which 
followed by a cue to remember (R) and the rest to forget 
(F). The level of directed forgetting was estimated 
according to the effect of instructions on subjects’ 
performances in the final memory test, and there are two 
methods to evaluate it: the item method and the list 
method. In the item method, learning materials are 
presented one by one, each followed by a cue of 
remembering and forgetting, while in the list method, 
the instruction is given after the presenting of an entire 

list of learning materials [3]. In some studies, the item 
method was tied to attentional control and might include 
inhibitory mechanisms. Previous research using the DF 
paradigm confirmed that people have worse 
performances on recognizing tasks of the items followed 
by a cue to forget (F) than a cue to remember (R). This 
suggests that it is possible to voluntarily control our 
cognition to impair access to unwanted information [4], 
which might be a possible solution to intrusive memory.  

For decades, increasing empirical research has 
recognized intrusive memory as a common feature of 
many mental disorders [5]. Patients with post-traumatic 
stress disorder, for instance, are suffering from a variety 
of symptoms, including re-experiencing, avoidance, 
negative cognition and mood, and hyperarousal [6]. In 
clinical psychology, one traditional approach to treating 
this disorder is visual intrusions, which were noted to be 
repetitive, uncontrollable, and distressing [5]. In this 
context, one possible outlet might be to make the 
survivors forget the traumatic memories.  
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The human brain has a remarkable capacity to 
acquire, store, and recall information over a long period 
of time [7]. On the other hand, forgetting is an adaptive 
feature of memory that helps to improve access to other 
memories by discarding unwanted or irrelevant 
information. The brain automatically decides which 
information should be stored and which discarded, and 
this enables people to exert volitional control over what 
they forget. Previous research has associated the 
intentional forgetting of new memories with increased 
activity in the right dorsolateral prefrontal cortex and 
decreased activity in the hippocampus, along with 
increased functional coupling between these two regions 
[8]. 

Although much research has been done in this field, 
there is no clear information on how exactly humans 
could choose what to forget and what to remember. In 
other words, make the process of forgetting intentional. 
Under this circumstance, we found that intentional 
forgetting was mentioned to be an effortful process [9]. 
We, therefore, suspect that effortful control [4] might be 
an influencing factor to intentional forgetting, and to go 
further, DF.  

First proposed by Rothbart in 2001, EC was defined 
as an attention-related temperament dimension 
reflecting the individual difference in emotional and 
behavioural regulation, through factor analysis of 
children’s behavioural questionnaires [10]. EC is 
generally believed to be the result of the development of 
executive attention which can be measured through self-
report or other-report questionnaires [10]. The concept 
of EC includes three aspects: attention control, 
inhibition control and activation control [11]. EC is a 
component of temperament associated with self-
regulation and executive function. Referred to a series 
of cognitive processes that control behaviour including 
attentional control, cognitive inhibition, inhibitory 
control, working memory, and cognitive flexibility, 
executive function is considered to relate to directed 
forgetting closely [12]. 

Despite all the information, it is still not clear 
whether there exists DF, with few studies that have 
mentioned what exactly affects the level of DF. 
Moreover, there are barely any studies investigating the 
phenomenon of directed forgetting in implicit memory. 
Therefore, the aim is to investigate whether DF exists 
and what its influence factors are. Several possible 
factors were analysed and investigated further the 
relationship between effortful control  [4] and directed 
forgetting. We have made two research hypotheses. 
First, there exists directed forgetting. Second, people 
with a higher level of effortful control would be more 
abled in directed forgetting of explicit and implicit 
memories. it could be expected that people with a higher 
ability of effortful control would have better inhibitory 

control ability, which leads to a greater effect of 
directed forgetting.  

2. METHOD 

2.1. Participants 

Forty-nine participants between 18 and 25 years of 
age (12 male, 37 female, Mage = 20.73, SD = 1.27) took 
part in the study. They (N = 210) were recruited via 
online advertising. Participants whose scores were in the 
top 27% and bottom 27% of the EC subtest of the Adult 
Temperament Questionnaire (ATQ) [12] were invited to 
participate in the study. One question was added to the 
original ATQ, which requires the subjects to choose a 
certain option in order to test the random clicking. In 
addition, subjects whose scores are higher or lower than 
2.5 standard deviations above the mean were also 
excluded. Finally, 19 high EC participants (8 male) and 
30 low EC participants (4 male) completed the DF 
memory task. All reported normal or corrected normal 
vision. Participants were compensated ¥5 for attending. 
The study was approved by the local ethics committee. 
See Fig. 1 for the screening process. 

 
Figure 1 Participant selection chart. Explicit or Implicit 

represent the explicit or implicit memory test. 

2.2. Materials 

ATQ: The Adult Temperament Questionnaire (ATQ) 
was adapted from the Physiological Reactions 
Questionnaire [13], including general constructs of 
effortful control, negative affect, extraversion/surgency, 
and orienting sensitivity [8]. The ATQ standard form 
includes 177 items [12]. The EC subscale of the Chinese 
version of the ATQ was used, including 35 items for 
assessing inhibitory control, activation control and 
attentional control [12]. The alpha reliability was 0.75 
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[12]. The questionnaire used a 7-point Likert scale (1= 
very inconsistent, 7= very consistent), in which 21 
questions were scored in reverse. Subjects with a score 
less than or equal to 4 were classified as LEC group, 
and those with a score greater than or equal to 4.58 were 
classified as HEC group. 

Chinese characters: Ninety-two Chinese characters 
were selected from the Less Common Character List 
from the Contemporary Chinese Dictionary 
(https://www.zdic.net/zd/zb/cc2/). The number of 
strokes and the emotionality of Chinese characters are 
controlled during selection: 1) Characters with ten to 
fifteen strokes in the list of low-frequency characters are 
used; 2) Controlling emotionality means that a character 
has no obvious positive or negative meaning and it's not 
an emotional character. 

2.3. Procedure 

The experiment was conducted online with the help 
of the Pavlovia platform. Participants were connected to 
the experimenter by video call on WeChat during the 
experiment. They were informed to prepare the 
computer with a keyboard beforehand. Stimulus 
presentation and response collection were controlled by 
experimental software written in Psychopy3. 

After giving informed consent, participants were 
instructed to view a series of study trials in which each 
character would be followed by a Remember (R) or 
Forget (F) instruction. The experiments lasted for less 
than 20 minutes, including three phases: 1) Learning 
phase. Participants were told that if they received an R 

instruction, they were to remember the character and 
that if they received an F instruction, they were to forget 
the character. 2) Interference phase. 3) Testing phase. A 
recognition test is used for explicit memory, and 
perceptual identification is used for implicit memory.  

Learning phase: As depicted in Figure 2, each trial 
in the study phase began with the presentation of a 
centralized stimulus (“+”) lasting 1 sec. A Chinese 
character for 3 sec replaced fixation. After that, an R or 
F memory cue was assigned to each character. 
Individual characters were presented randomly without 
replacement. In addition. four toy trials were designed 
for practice before the learning stage.  

Interference phase: This phase aims to mask the 
relationship between learning and testing. Participants 
were instructed to count backwards from 1000 and 
minus 7 each time for 2 minutes.  

Testing phase: Following the interference phase, the 
experiment advanced to the testing phase, during which 
participants were presented with the 22 R and 22 F 
characters from the study trials, intermixed randomly 
with 44 foil characters that had not been presented in the 
study phase. Participants were instructed to press “F” on 
the computer keyboard to indicate a character that had 
been presented previously (i.e., R and F characters) or 
“J” to indicate a character that had not been presented 
(i.e., foil characters). For explicit memory, participants 
were allowed to respond to this task at their own pace 
whereas the characters for the implicit memory test 
were only shown for 30ms. 

 

Figure 2 Trials in the study phase. Green check is the cue for remembering and the red cross is the cue for forgetting. 
The Chinese character in the demonstration is pronounced “Yu” in Chinese Pinyin, which means to live or contain. 

2.4. Data analysis 

The threshold for statistical significance was set at p 
< 0.05 for all analyses. A 2*2 repeated measure 
ANOVA was used to assess the effects of the EC 
condition (high EC group and low EC group) and 
directed forgetting (R and F instruction). Trails with 
response times slower than 5s or faster than 100ms were 
excluded. S slower than 5s or faster than 100ms were 
excluded.  

 

3. RESULTS 

The statistical analysis software used is spss22.0. 
The results will show scores on the ATQ, accuracy and 
reaction time on the recognition test and perceptual 
identification test. The descriptive statistical results of 
accuracy are shown in Table 1a, and the reaction time is 
shown in Table 1b. 
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3.1 Screening of participants by ATQ 

Table 1. Descriptive Statistics for the Accuracy (M±SD) 

Variables Recognition  Perceptual identification 

Remember Forget  Remember Forget 

High EC 0.84 ±0.37 0.58±0.49  0.77±0.42 0.63±0.49 

Low EC 0.73 ±0.44 0.58±0.49  0.82±0.39 0.71±0.45 

Table 2. Descriptive Statistics for the Reaction time (s) (M±SD) 

Variables Recognition  Perceptual identification 

Remember Forget  Remember Forget 

High EC 1.09 ±0.63 1.26±0.75  1.34±1.00 1.33±0.95 

Low EC 1.13 ±0.75 1.11±0.67  0.99±0.56 1.04±0.57 

 
A total of 210 questionnaires were collected in this 

experiment, and 196 were left after the unqualified 
questionnaires were eliminated (M = 4.47, SD = 0.83). 
There were 30 participates in the low EC group (M = 
3.42, SD = 0.39) and 19 participants in the high EC 
group (M = 5.13, SD = 0.45). We conducted an 
independent-samples t-test (t = 14.01, p < 0.001, 
Cohen’s d = 4.11), and the results proved that our 
grouping was effective. 

3.2 The performance of DF on explicit memory 
in individuals with different levels of EC 

A 

 
B 

 
Figure 3 The accuracy of the recognition test. (A) A bar 

chart shows the level of EC on the X-axis and the 
accuracy on the Y-axis with error lines based on 

standard error. (B) A line chart shows instructions type 
on the X-axis and accuracy on the Y-axis. 

Firstly, after analysing the correct rate in the 
recognition experiment, the main effect of instruction is 
significant (F = 78.942, p < 0.001, η² = 0.102). The 
accuracy of the characters given remembering 
instructions was significantly higher than that of the 
characters given forgetting instructions, which proved 
the existence of directed forgetting in explicit memory. 
The main effect of EC is also significant (F = 4.000, p = 
0.046, η² = 0.006). Individuals with high EC generally 
had higher recognition accuracy (Fig.3a). Most 
importantly, we found significant interactions (F = 
5.879, p = 0.016, η² = 0.008). A simple effect analysis 
found that when given memory instructions, high EC 
had higher recognition accuracy (F = 11.717, p = 0.001, 
η² = 0.017). In addition, for individuals with low EC, 
the accuracy of giving memory instructions was 
significantly higher than that of giving forgetting 
instructions (F = 25.534, p < 0.001, η² = 0.036), and the 
difference was even greater with high EC (F = 54.072, p 
< 0.001, η² = 0.072; Fig.3b). 

The reaction time was also analysed (Fig.4a). The 
results show that the main effect of instruction is 
significant. (F = 3.993, p = 0.046, η² = 0.006). The 
reaction time was longer to recognize the characters 
given the forgetting instruction. But no main effect of 
EC was found (F = 1.888, p = 0.17, η² = 0.003). In 
addition, we also found significant interactions during 
the reaction time (F = 6.895, p = 0.009, η² = 0.010). The 
results of further simple effect analysis showed that the 
reaction time was significantly longer in recognizing the 
characters given the forgetting instruction for high EC 
(F = 7.720, p = 0.006, η² = 0.011). At the same time, the 
response time of high EC was significantly longer than 
that of low EC for the characters given forgetting order 
(F = 9.008, p = 0.003, η² = 0.013). 
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A 

 
B 

 
Figure 4 The Reaction Time of the recognition test. (A) 
A bar chart shows the level of EC on the X-axis and the 

reaction time on the Y-axis with error lines based on 
standard error. (B) A line chart shows instructions type 

on the X-axis and reaction time on the Y-axis. 

3.3 The performance of DF on implicit memory 
in individuals with different levels of EC 

Following the same steps as the analysis of 
recognition results, it was found that the main effect of 
instruction was also significant in perceptual 
identification test (F = 13.604, p < 0.001, η² = 0.037). 
This suggests that DF also exists in implicit memory 
(Fig.5). However, there is no interaction (F = 0.292, p = 
0.589, η² = 0.001) or main effect of EC (F = 3.436, p = 
0.065, η² = 0.010; Fig.5). 

 
Figure 5 The accuracy of the perceptual identification 
test. A bar chart shows the level of EC on the X-axis 

and the accuracy on the Y-axis with error lines based on 
standard error. 

Then we further analysed the reaction time, we 
found that the main effect of EC was significant (F = 
26.849, p < 0.001, η² = 0.070), but the interaction (F = 
0.389, p = 0.533, η² = 0.001) and the main effect of 
instruction was not significant (F = 0.208, p = 0.649, η² 
= 0.001). The results suggest that individuals with high 
EC had longer response times (Fig.6). 

 
Figure 6 The Reaction Time of the perceptual 

identification test. A bar chart shows the level of EC on 
the X-axis and the reaction time on the Y-axis with error 

lines based on standard error. 

4. DISCUSSION 

Intend to understand better memory and forgetting, 
the present study aimed to re-examine the existence of 
DF in explicit and implicit memories and investigate 
whether it is affected by participants’ effortful control 
level. Current data and statistical analysis obviously 
detected directed forgetting in explicit and implicit 
memories, which met previous expectations. But for the 
interaction between directed forgetting, memory type 
and EC level, outcomes were quite surprising. Firstly, 
for explicit memory, as expected, the character-
remembering correct rate was within the forecast range, 
which proved a positive correlation between high EC 
scores and better-directed forgetting ability, vice versa. 
Nevertheless, mutual effect showed existence during 
explicit memory experiment, which showed that high 
EC participants needed longer RT when recognizing 
“forget” characters. It could be a manifestation of high 
EC as it basically equaled stronger inhibition ability. 
Therefore it took a longer time to recall. Secondly, 
although correct rate analysis helped to prove directed 
forgetting in implicit memory, no interaction or the 
main effect of EC was detected. RT analysis found the 
main effect of EC only, meaning that the high EC 
generally spent longer RT during the experiment. 
Overall, such findings may indicate that EC could 
influence explicit memory only, rather than affecting 
implicit memory as well. Moreover, the high EC may be 
more cautious and thoughtful, which results in longer 
RT. 

The results were in agreement with some existing 
explanations in this field. Previously, some theories 
denied the significance of directed forgetting, simply 
concluding such forgetting as a result of lacking enough 
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effective maintenance rehearsal so that information was 
not turned into STM successfully [14]. However, our 
findings were contrary to this rehearsal explanation 
according to the disparity between “remember” words 
and “forget” words recalling in the test phase. For this 
inconsistency, some research has proposed that directed 
forgetting could be approached by actively and 
subconsciously inhibitive cognition process [14], which 
is a possible explanation for our experiment results and 
conversely our results showed support for this theory. 

The results are subject to certain limitations. For 
instance, a flaw of this study is that the formulated 
research aims could be too broad. Although we 
successfully managed to discover the existence of 
directed forgetting and if it is affected by EC in both 
explicit and implicit memories, the research may need to 
be narrowed down to have a better focus on a certain 
issue to generate deeper and specified conclusions. In 
addition, required by the independent variable of the 
study, the pre-screen of the experiment was a 
questionnaire on temperament, and several subjects 
selected to experiment participation showed interest in 
their questionnaire scores and ranking, thus may 
influencing their experiment performance due to test 
bias, which might be intensified as video calling was 
applied to control experiment conditions, 

It is not a new opinion that the importance of 
forgetting is no less than that of remembering [1]. For 
more than 50 years, investigations of directed forgetting 
made it to be a technique within the researcher’s grasp 
exploring memory updates under certain conditions [15]. 
Our results are significant to directed forgetting studies, 
and its newly exposed relationship with EC certainly 
showed more possibilities. The combination of findings 
is valuable to trauma research and coping as well as 
many related fields [16]. For example, it is vital in 
understanding memory and forgetting mechanisms of 
PTSD and a variety of mental disorders and could offer 
theoretical support to specific recovery treatment for 
patients who have distinct personality traits [17]. 

This would be a fruitful area for future work. Further 
research should be undertaken offline when it is safe to 
and apply neuroimaging techniques to better explore the 
neural basis behind the phenomena. Personality factors 
influencing cognition would also be an interesting area 
to investigate. Moreover, repeating such experiments in 
other cultures is of necessity as well. 

5. CONCLUSION 

In this research, the results have shown support to 
the existence of DF in both explicit and implicit 
memory and the crossing effect between cues and 
participants with high or low effortful control in 
Chinese adults. Although the measure to detect DF was 
quite traditional, it was novel to consider participants’ 

effortful control level as a factor that may influence 
memory and forgetting. In spite of certain limitations 
such as wide topic and potential test bias, the results still 
provided a deeper insight to DF of explicit and implicit 
memory as well as its relation to a certain temperament, 
which are instrumental in mental disorder treatment and 
meaningful to the scope of cognitive psychology. More 
related brain function information is detected using 
neuroimaging technology and a greater investigation of 
factors affecting memory and forgetting would help to 
establish better accuracy on cognitive psychology. The 
results were in agreement with some existing 
explanations in this field. Previously, some theories 
denied the significance of directed forgetting, simply 
concluding such forgetting as a result of lacking enough 
effective maintenance rehearsal so that information was 
not turned into STM successfully. However, our 
findings were contrary to this rehearsal explanation 
according to the disparity between “remember” words 
and “forget” words recalling in the test phase. For this 
inconsistency, some research has proposed that directed 
forgetting could be approached by actively and 
subconsciously inhibitive cognition process, which is a 
possible explanation for our experiment results and 
conversely, our results showed support for this theory. 
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