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Abstract 
Objective: Context-Dependent Effect (CDE) is a process by which restoring 
at test the original learning context enhances memory. We examined the CDE 
of facial expressions through behavioral and eye movement measures. Par-
ticipants and Method: Twenty-three healthy individuals and 23 patients with 
moderate-to-severe TBI individuals participated in the current study. Partic-
ipants were exposed to pictures of faces with neutral expression and were 
asked to remember them for a subsequent memory test. In the testing session, 
they were asked to determine whether or not the faces presented to them had 
appeared before, under two conditions: 1) where the context remains con-
stant (facial expression remained neutral—the Repeat condition); 2) where 
the context changes (facial expression changed to angry or happy expression— 
the Re-pair condition). Results: While memory of the individuals with TBI 
was poorer than that of the control group, both groups exhibited CDE, that is 
consistency of facial expressions between study and test facilitated face recog-
nition. In both groups, there is a relationship between Dwell Time on the fac-
es and face recognition. This effect appeared in the study and test phases. Con-
clusions: This research supports previous studies showing evidence for CDE 
in the TBI group and extends our comprehension of the relationship between 
eye movements, memory, and context of facial expression.  
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1. Introduction 

In the literature, there are several distinctions between the different types of mem-
ory, including the difference between semantic and episodic memory (Hayes, 
Ryan, Schnyer, & Nadel, 2004), explicit versus implicit memory (Schacter, 1987) 
and the event’s content versus the context in which it occurred, as evidenced by 
brain imaging studies (Schmitter-Edgecombe & Seelye, 2012). 

The important role of context in memory processes has been recognized for 
many years. A context-dependent effect (CDE) is said to occur when memory 
performance is improved by the presence of a contextual stimulus. CDE have 
been widely documented in the human memory literature in various cognitive 
tasks (Peterson & Kramer, 2001; Vakil, McDonald, Allen, & Vardi-Shapiro, 
2019a). This effect is considered as an implicit memory measure of context (Va-
kil, 2005). Context can consist of perceptual information, spatial location, and 
temporal order, emotional or social details (Davachi & DuBrow, 2015; Schmit-
ter-Edgecombe & Seelye, 2012; Vakil, Raz, & Levy, 2007). Brain imaging studies 
found that memory for content is associated with structures in the medial tem-
poral lobes (MTL), i.e., the hippocampus and surrounding cortices, namely en-
torhinal, perirhinal, parahippocampal, and temporopolar cortices. In contrast, 
memory for source (Source memory) is associated with frontal lobes function-
ing. These results suggest that memory for content and context involved differ-
ent brain areas (Cabeza, Locantore, & Anderson, 2003; Schmitter-Edgecombe & 
Seelye, 2012). In addition, during the learning, the amygdala and orbitofrontal 
cortex are key structures that interpreted what the stimuli are, including facial 
expression (Rolls, 2019), while the hippocampus is more connected to context 
memory, information on space, action, and “where” events occur, as well as 
from “what” ventral processing streams (Rolls, 2018). Other models of declara-
tive memory claimed that the hippocampus has a key role in recollection of com-
plex events, by binding item and context information. The perirhinal cortex is 
involved in item identification and familiarity of items and has connections with 
the ventral stream. The parahippocampal cortex is involved in the coding of ob-
ject location and spatial context and has connections with the dorsal stream. 
Both cortices project to the entorhinal cortex from which the fibers congregate 
in the hippocampus (Diana, Yonelinas, & Ranganath, 2007). 

One of the elements that can be examined is the effect of facial expression (i.e., 
context) on the memory of facial identity (i.e., target) (Vakil, Aviv, Mishael, 
Schwizer, Ashkenazi, & Sacher, 2019b). Several studies have examined the brain 
regions associated with facial perception. In a study using the positron emission 
tomography (PET) technique, participants were involved in a matching facial 
emotions task and a control task or face identity. It was found that emotions ac-
tivated the area of the right anterior cingulate and the bilateral inferior frontal 
gyri. In addition, there was an increase in activation of the fusiform cortex, re-
gardless of whether the face included emotion (George, Ketter, Gill, Haxby, Un-
gerleider, Herscovitch, & Post, 1993). In addition, a study conducted recently 
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examined the functions of the uncinate fasciculus (UF) (in the process of facial 
expression, using high-angular resolution diffusion-weighted imaging, constrained 
spherical deconvolution tractography, a control tract (the corticospinal tract, 
and quantified via fractional anisotropy). Results showed that encoding of facial 
expression of emotion relates to the right hemisphere UF microstructure (Coad, 
Postans, Hodgetts, Muhlert, Graham, & Lawrence, 2020). In addition, a UF sub- 
tract selectively predicted face-name learning (Metoki, Alm, Wang, Ngo, & Ol-
son, 2017). A review of haemodynamic and electrical neuroimaging studies in-
dicated that emotional face perception is a complex process that includes an in-
teractive network with activity distributed in time and space. The study also 
demonstrated that facial expression and facial identity are mutually affecting 
processes (Vuilleumier & Pourtois, 2007).  

Facial recognition contains two separate components—facial identity and fa-
cial expression. In an article on facial processing, Yankouskaya, Booth, and Hum- 
phreys (2012) pointed to three different approaches regarding the relationship 
between facial identity recognition and recognition of facial expression. The first 
approach argues that these are two parallel and independent processes (Bruce & 
Young, 1986). The second approach argues that recognition of facial identity 
depends on facial expression, but not vice versa (Haxby, Hoffman, & Gobbini, 
2000). The third approach argues that these two systems interact with each other 
(Yankouskaya et al., 2012). fMRI study supported the second approach and 
found a dissociation between facial identity processing and emotional expression 
during the coding phase, as the identity was correlated with reduced signals in 
the fusiform cortex and posterior superior temporal sulcus (STS), while facial 
expression was correlated with reduced signals in a more anterior region of STS 
(Winston, Henson, Fine-Goulden, & Dolan, 2004). 

Therefore, different approaches exist as to whether there is or is not a dissoci-
ation between facial identity and facial expression (the context) and conse-
quently, whether changes in facial expression between study and test phases will 
affect the memory of facial identity. In a recent study, participants were pre-
sented with facial images and were asked to learn them for a subsequent test. 
The study included three groups: participants who studied faces with a neutral, 
angry, or happy expression, while at test, some of the faces were presented with 
the same expression as in the study, and some of the expressions were changed. 
It was found that maintaining the same facial expression in the study and the 
test was associated with better performance than changing the facial expression 
(Vakil et al., 2019a). These findings suggest that there is a CDE and support the 
approach that there is an interaction between facial identity recognition and fa-
cial expression recognition, as argued by Yankouskaya et al. (2012). This study 
also showed that the CDE was stronger when the facial expression at the study 
phase was anger, which suggests that this emotion is strongly bound to facial 
perception.  

The ability to detect emotions and facial expressions correctly is a crucial to 
functioning in society, but certain injuries might cause a deficit in this ability. 
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Traumatic Brain Injury (TBI) leads to several problems, the most common of 
which are diffused axonal injury, lesions, or degeneration in the frontal and tem-
poral lobes and hippocampal atrophy (Wright, Wong, Obermeit, Woo, Schmit-
ter-Edgecombe, & Fuster, 2014). Also, TBI can cause bruising, cerebral edema, 
ischemia, and hemorrhage. MRI often reveals an abnormality in the frontal, me-
sial-temporal and lateral lobes, enlarged ventricles, and diffuse axonal injury. As 
a result, people with TBI most often show dysfunction in attention-related tasks, 
memory, and executive functions, along with motor deficiencies in case motor 
pathways are impaired (Trojano, Moretta, & Estraneo, 2009; Vakil, 2005). The 
deficits in memory function among individuals who have sustained TBI are 
usually caused by axonal damage in the hippocampus region as well as to the 
hippocampus itself and associated structures. The latter regions relate to the or-
bital and ventromedial limbic frontal cortex that are also involved in the memo-
ry process (Barbas & Blatt, 1995).  

Studies have shown that people with TBI had difficulty in perceiving and 
identifying emotions that were displayed in various modes, such as photos (Man-
cuso, Magnani, Cantagallo, Rossi, Capitani, Galletti, & Robertson, 2015; Born-
hofen & McDonald, 2008), dynamic audiovisual displays, conversational tone 
alone, moving facial displays, and still photographs (McDonald & Saunders, 
2005). As mentioned previously, facial expression can be used as context of the 
face in a memory task. CDE still occurs in TBI populations, even though partic-
ipants with TBI are impaired relative to controls on multiple measures of di-
rected tasks of contextual recognition memory (Vakil, 2005; Vakil, Jaffe, Eluze, 
Groswasser, & Aberbuch, 1996; Vakil, Sherf, Hoffman, & Stern, 1998; Vakil & 
Tweedy, 1994). Given the above, it seems that indirect measurement of context 
memory among individuals following TBI is more resistant than direct memory 
measurement of contextual information.  

Eye-tracking is a powerful method for evaluating a variety of areas including 
memory, and its advantage is that this method does not require verbal reporting 
or internal judgment. This feature allows monitoring and analyzing behavioral 
correlates of encoding and recognition memory processes in special populations, 
such as children, adults, and people with severe amnesia, as well as animals 
(Holm, Eriksson, & Andersson, 2008).  

This method also has added value when examining different parameters among 
a healthy population, as they are not necessarily aware of where their gaze was 
directed at any given moment. In doing so, it has been found that more than one 
second before the explicit memory is reported, there was longer observation 
time toward familiar stimuli versus new stimuli (Hannula, Ryan, Tranel, & Co-
hen, 2007). Also, participants were found to have 25 fixations toward a familiar 
stimulus before declaring it familiar (Holm et al., 2008). Therefore, many meas-
ures have been developed to characterize the types of changes that may occur in 
eye movements that reflect different processes and memory states. Key measures 
mentioned in the literature are fixations (number of fixations and their dura-
tion), saccades, number of areas where fixations occurred, number of transitions 
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between areas, pupil size, and total dwell time (DT) time spent in an Area of In-
terest (AOI) (Hannula, Althoff, Warren, Riggs, Cohen, & Ryan, 2010). 

Regarding the number of fixations, participants were found to make more fix-
ations in the study phase toward stimuli that were subsequently identified as fa-
miliar (Heisz, Pottruff, & Shore, 2013; Kafkas & Montaldi, 2011; Snow et al., 
2011). Regarding eye movements in the retrieval phase, it should be noted that 
most studies that examined the retrieval phase compared eye movements toward 
new items versus toward familiar items, without addressing whether the items 
were correctly identified. Meanwhile, these studies found that participants looked 
more closely at stimuli presented in the study phase as opposed to new stimuli 
(Chanon & Hopfinger, 2008; Chen & Lee, 2015; Ryan, Hannula, & Cohen, 2007). 
Contrary to the above findings, note that there are studies indicating that par-
ticipants sampled fewer regions and spent less time looking at old stimuli com-
pared to new stimuli (Heisz & Shore, 2008; Smith & Squire, 2008).  

The studies mentioned above support the validity of eye movement measures 
as associated with memory processes in various populations. However, few stu-
dies have examined measures of eye movement in a population with TBI. A 
study conducted recently with TBI participants tested the CDE effect of distinc-
tive, trial-unique hats using behavioral and eye movement measures. The results 
of the eye movements of the TBI group revealed that even though they spent less 
time focusing on the targets in the study and test phases than the control partic-
ipants, the relations between DT on target and recognition in the various condi-
tions are similar in both groups (Vakil et al., 2019b). Another study tested the 
effect of eye movement reactivation (the tendency to return eye movements to 
the visual area where the stimuli were first located) on visual memory among in-
dividuals with TBI and healthy controls. In this study, the participants were ex-
posed to a stimulus during the test phase under two conditions: free viewing and 
fixed eyes. The study showed that unlike the control group, individuals with TBI 
barely reactivated eye movements effectively so they did not benefit from free 
viewing and did not reactivate their eyes to assist in retrieval (Deitcher, Sachar, 
& Vakil, 2020).  

The current study replicated and combined two previous studies conducted by 
Vakil and colleagues. As reported earlier, Vakil et al. (2019a) found CDE of fa-
cial expression among healthy participants. CDE was also found by Vakil et al. 
(2019b) among healthy participants and individuals with TBI by using photo-
graphs of male faces wearing hats. In both studies, eye movement measures were 
used. The present study makes several additional contributions. First, this study 
examined the contextual effect of facial expressions among participants with 
TBI, not only among healthy participants as previously mentioned. Second, as 
noted above, a small number of studies using eye movement measures have been 
performed among TBI participants in general, and in an examination of an emo-
tional context in particular. Unlike the study conducted by Vakil et al. (2019b) 
using hats as context, this study focuses on detecting patterns of facial expres-
sions that may be related to facial identity recognition, as well as examining the 
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pattern of eye movements that distinguishes between remembered and forgotten 
stimuli. 

We used happy and angry expressions because these two expressions are clearly 
recognized emotions and are well dissociable (Rosenberg, McDonald, Dethier, 
Kessels, & Westbrook, 2014). Consistent with previous studies that found evi-
dence for context effect among TBI when measured indirectly, we hypothesized 
that CDE would also be found in the current study. Furthermore, we expected to 
find a difference in eye movement patterns, so that DT towards faces that were 
recognized correctly will be longer in the study and test phases in the two 
groups, as found in previous studies (Chanon & Hopfinger, 2008; Chen & Lee, 
2015; Hannula et al., 2007; Ryan et al., 2007). Finally, as found in the study by 
Vakil et al. (2019a), we expected to find a correlation between DT toward the 
different parts of the face and memory (d’ measure).  

2. Method 
2.1. Participants 

The control group consisted of 23 participants (13 males and 10 females), whose 
ages ranged from 21 to 39 years (M = 23.99, SD = 3.69) and their education years 
ranged from 12 to 13 years (M = 12.04, SD = 0.21). Inclusion criteria were age 
range 19 to 40 and at least 12 years of education. All of them were undergraduate 
students at Bar-Ilan University (Israel) (students took part in the experiment to 
fulfill academic requirements). Exclusion criteria were no histories of neurologic 
or psychiatric disorders, based on self-reports. The patients, recruited from the 
Loewenstein Rehabilitation Hospital, were diagnosed with moderate-to-severe 
TBI (mild TBI injuries were excluded) and were hospitalized while participating 
in the study. The experimental group of patients with TBI consisted of 20 par-
ticipants (17 males and 3 females), whose ages ranged from 19 to 39 years (M = 
23.30, SD = 4.63) and their education ranged from 10 to 16 years (M = 12.05, SD 
= 1.05). Neither group differed in age, t(41) = 0.54, p > 0.05 and in education 
year t(41) = −0.29, p = 0.98. The groups were different in the gender proportion, 
χ2(42) = 4.11, p < 0.05. As mentioned above, the group with TBI included mostly 
male participants. The Glasgow Coma Scale of patients with TBI ranged from 3 
to 10 (M = 5.30, SD = 2.32), and time after onset (in days) ranged from 14 to 245 
(M = 88.65, SD = 60.21). The patients were classified as having sustained mod-
erate-to-severe TBI, according to the Glasgow Coma Scale score (ranging from 3 
- 8 for severe TBI, and 9 - 12 for moderate TBI) and length of loss of conscious-
ness (for severe TBI, more than 24 hours, and for moderate TBI, more than 30 
minutes and less than 24 hours). The study was approved, as required, by the In-
stitutional Review Board of Bar-Ilan University and by the Helsinki Commission 
of Loewenstein Rehabilitation Hospital. Consent to take part in the study was 
obtained from all participants. 

Note that two individuals from the control group were excluded from the be-
havioral analysis of sensitivity (d’) due to extreme values on this measure (more 
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than two SDs from the mean in a negative direction). Two more students and 
one patient with TBI were excluded from analysis of the response bias (C) for 
the same reason (more than three SDs from the mean in a negative direction). In 
addition, two participants from the TBI group were excluded from the eye 
movement analysis in the study phase and one more from the test phase due to 
recording problems. Finally, three participants with TBI were excluded from the 
analysis due to high Glasgow Coma Scale scores (13 - 15). 

2.2. Instruments 

Eye Tracker: The stimuli were presented on a laptop with a 15.6-inch screen. 
A camera with an infrared source was located at the front of the laptop screen, 
60 cm away from the participant, below the participant’s eye level. The temporal 
parameter presentations of the stimuli were presented on E-PRIME 2.0 software, 
which also schedules appearance of the stimuli with computer-recorded eye 
movements. Senso Motoric Instrument (SMI) RED-M remote eye-tracker rec-
orded the eye movements. This system has a sampling rate of 120 Hz and high 
accuracy of 0.5˚. At the beginning of the experiment, a 9-point calibration cycle 
was presented, providing a spatial resolution of 0.1˚. 

Visual stimuli: In the current study, we used a total of 118 different color facial 
images of Caucasian males and females with neutral, happy, or angry facial ex-
pressions. Fifty-three faces were selected from Karolinska Directed Emotional 
Faces (Lundqvist, Flykt, & Öhman, 1998) and thirty-one faces from the Radboud 
Faces Database (Langner et al., 2010). The photos were selected based on a high 
inter-rater agreement.  

In order to ensure that attention was directed entirely at the face, the model’s 
hair, ears, and neck were covered with a black oval frame. This method of fram-
ing was used in a previous study (Vakil et al., 2019a). The selected faces had the 
required emotions (see Appendix 1, a neutral, happy, and angry face, from left 
to right), and did not feature distracting facial details like beards.  

2.3. Memory Instruments 

In order to measure the cognitive abilities of the controls and participants with 
TBI we used several memory tasks: the Rey-Osterrieth Complex Figure (ROCF), 
Corsi block-tapping test and the Digit Span subtest from the Wechsler Adult In-
telligence Scale-Revised (WAIS-R; Wechsler, 1981). As expected, the results 
showed that both groups differed in their memory ability across all tests (see 
Table 1).  

2.4. Task and Procedure 

The participants were tested individually. Upon arrival, participants were in-
formed that they would participate in a facial recognition experiment and were 
instructed to observe and try to remember the faces that appear on the screen for 
a future recognition test, regardless of their facial expression (the same instruc-
tions appeared on the computer screen later). They were also informed that their  

https://doi.org/10.4236/psych.2023.148077


N. Lugasi et al. 
 

 

DOI: 10.4236/psych.2023.148077 1368 Psychology 
 

Table 1. Group difference on memory tests.  

Instrument Measure t-test 
Control 
(n = 23) 

TBI 
(n = 20) 

ROCF-Copy 
score t(41) = 4.92*** 36.00 33.10 

time t(41) = −4.88*** 1.72 4.35 

ROCF-Memory 
score t(41) = 4.08*** 22.54 14.08 

time t(39) = −2.49* 1.59 2.35 

Corsi block  t(39) = 6.08*** 18.74 13.5 

Digit Span  t(39) = 6.80*** 19.83 12.3 

* p < 0.05, ** p < 0.01, *** p < 0.001. 
 
eye movements would be monitored. Calibration was conducted at the begin-
ning of the task using a standard 5-point grid for both eyes. A 4-point grid was 
used for validation after each calibration trial. If the accuracy exceeded 0.8˚, ca-
libration and validation were repeated.  

In the study phase, 42 color photos of faces (21 men and 21 women) were 
presented to participants consecutively, for 5 seconds. The expression of all faces 
was neutral. During the test phase, 84 color photos of faces were presented to 
participants, half of which had appeared in the study phase, and half were new. 
The stimuli were presented in random order in both the learning and test phas-
es. Participants were asked to press a key on the keyboard to signify whether the 
image was old (L) or new (A). Unlike the study phase, at the test phase, the im-
ages appeared on the screen until there was a response. One-third of the old im-
ages (14 images) remained with the same neutral facial expression as they were 
in study (the Repeat condition), and two-thirds changed to another facial ex-
pression, the “Re-pair” condition (14 images changed to angry expressions and 
14 to happy expressions). Regarding the new images, one-third of them had a 
neutral expression, one-third a happy expression and one-third an angry expres-
sion. 

3. Results 
3.1. Behavioral Results 

In order to control for response bias, i.e., reinstatement involving a simple crite-
rion shift, with more powerful response when faces bore the expression seen at 
encoding, we used the sensitivity measure d' (d' = z(H) − z(FA)) (Snodgrass & 
Corwin, 1988) as the dependent measure. This measure was calculated by com-
bining the Hits Rate (H) (the number of correct “Yes” responses for the 14 old 
faces in each condition) and the FA rate (the number of correct “Yes” responses 
for the 14 new faces in each condition). In order to test the CDE, we compared 
the Repeat condition’s performance with average performance on the two Re- 
pair conditions. 
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Mixed Analyses of Variance were conducted in order to analyze the effect 
of Group (control versus TBI) and Context (Repeat vs. Repair-averaged). The 
former is a between-subjects factor, and the latter is a within-subjects factor. It 
should be noted that based on previous studies conducted in this field (e.g., Va-
kil et al., 2019a, 2019b; Zwickel & Muller, 2010) we expect a minimum effect size 
of 0.1. 

3.2. Recognition (Sensitivity d’) 

Consistent with our hypothesis, CDE was found, so that the sensitivity measure 
was significantly higher under the Repeat condition compared to the Re-pair 
condition, F(1, 39) = 7.01, p < 0.05, 2ηp  = 0.15. Group effect was not significant, 
so neither group performed differently on the sensitivity measure, in total F(1, 
39) = 2.47, p = 0.12, 2ηp  = 0.06. It should be noted that although the main effect 
of group did not reach significance, the effect size is moderate. Examination of 
the means shows that overall, the sensitivity measure of the control group tends 
to be positive (M = 0.09, SD = 0.25), while among the TBI group this measure 
was negative (M = −0.46, SD = 0.25). The interaction between context and group 
was not found to be significant F(1, 39) = 0.14, p = 0.71, 2ηp  = 0.004, so that 
both groups exhibited CDE to the same extent (see Figure 1).  

3.3. Recognition (Response Bias C) 

In addition to the sensitivity d’, we also calculated the measure C, C = 0.5 [z(H) 
+ z(FA)], as a criterion or response bias. When C is negative, it reflects a liberal 
response bias (tendency to say “yes”). When C is positive, it reflects a conserva-
tive response bias (tendency to say “no”) (Snodgrass & Corwin, 1988). In gener-
al, a main effect was found for the group, so that control participants on average 
tended to be more liberal compared to the TBI group, F(1,37) = 8.50, p < 0.01,  
 

 

Figure 1. Mean (SE) of sensitivity (d') of the two groups (control and TBI) under Repeat 
and Re-pair-averaged condition. *p < 0.05. 
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2ηp  = 0.19. CDE was not found, so there was no overall difference between the 
Repeat and the Re-pair conditions, F(1, 37) = 2.71, p = 0.11, 2ηp  = 0.07. It 
should be noted that although the main effect of context did not reach signific-
ance, the effect size is moderate. Examination of the means reveals that the C 
measure of the Repeat and the Re-pair conditions is negative, but in the Repeat 
condition the participants tended to be more liberal (M = −0.34, SD = 0.50) than 
in the Re-pair condition (M = −0.26, SD = 0.03). These main effects should be 
interpreted cautiously because of the significant interaction between group and 
context effects, F(1, 37) = 4.49, p < 0.05, 2ηp  = 0.11. Although there were no 
differences between the Repeat and the Re-pair conditions among TBI, the con-
trol group tended to be significantly more liberal in the Repeat condition as 
compared to the Re-pair condition (see Figure 2). 

3.4. Eye Movement Results 

The eye movement measure used in this study is DT, which is defined as the sum 
of durations of all fixations and saccades that hit the AOI. We analyzed three 
AOIs: the eyes (each eye is marked separately), the nose, and the mouth (see 
Appendix 2). These areas were selected because previous studies have shown 
that people tend to look at these areas most frequently during facial recognition 
(Barton, Radcliffe, Cherkasova, Edelman, & Intriligator, 2006). It should be 
noted that based on previous studies conducted in this field (e.g., Vakil et al., 
2019b), we expect a minimum effect size of 0.09. 

3.5. Study Phase 

Mixed-design ANOVAs were performed in order to test the differences in DT 
towards faces that were remembered (Hits) between the context conditions (Re-
peat and Re-pair, within-subjects variable) among the two groups (control and 
TBI, between-subject variable) and the three AOIs (eyes, mouth, and nose). We  
 

 

Figure 2. Mean (SE) of response bias (C) of the two groups (control and TBI) under Re-
peat and Re-pair-averaged condition. *p < 0.01. 
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found a significant main effect for group, so that DT towards correctly recog-
nized faces was higher among the control group than the TBI group, F(1, 37) = 
15.27, p < 0.001, 2ηp  = 0.29. Main effect of context was also found, so DT to-
wards faces in the Repeat condition was higher than toward faces in the Re-pair 
condition, F(1, 37) = 4.08, p < 0.05, 2ηp  = 0.10. Main effect of AOI was close to 
significance, F(2, 74) = 2.90, p = 0.06, 2ηp  = 0.07. Examination of the data re-
vealed that participants tended to look more at the nose. The interactions be-
tween context and group, F(1, 37) = 0.21, p = 0.65, 2ηp  = 0.006 did not reach 
significance, and likewise for the AOI and group interaction, F(2,74) = 2.51, p = 
0.09, 2ηp  = 0.06. The latter interaction is close to significance and the effect size 
is moderate, so we looked more deeply into the interaction and found that only 
in the control group was there a tendency for longer DT towards the nose. Fi-
nally, the triple interaction between context, AOI and group was marginally sig-
nificant, F(2,74) = 2.61, p = 0.08, 2ηp  = 0.07. In order to detect the source of the 
triple interaction, we examined the DT separately for the three AOIs in the Re-
peat condition (see Figure 3). We found that in the control group, there was 
longer DT for recognized faces, F(1, 37) = 10.46, p < 0.01. Furthermore, while 
the control group spent more time looking at the nose, there was no significant 
difference in the TBI group between the three AOIs. In the Re-pair condition, we 
found the same main effect in which the control group looked at the recognized 
faces longer than the TBI group F(1, 37) = 11.10, p < 0.01, but there were no dif-
ferences between the groups regarding the three AOIs (see Figure 4).  

We also performed a comparison of the DT for recognized faces (Hits) versus 
forgotten faces (Miss). From this analysis, it was found that participants looked 
longer at recognized faces (Hits, M = 14.93, SD = 0.68) than at faces that were 
forgotten (Miss, M = 11.11, SD = 0.77), F(1, 37) = 6.43, p < 0.05, 2ηp  = 0.15. In 
addition, we found significant interaction between the recognition result (Hits 
vs. Miss) and the group, F(1, 37) = 10.81, p < 0.01, 2ηp  = 0.23, as this difference  
 

 

Figure 3. Mean of DT for the 3 AOI of the two groups (control and TBI) under Repeat 
condition in the learning phase. *p < 0.01. 
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Figure 4. Mean of DT for the 3 AOI of the two groups (control and TBI) under Re-pair 
condition in the learning phase. *p < 0.001. 
 
was found only among the control group (Hits, M = 17.80, SD = 1.00; Miss, M = 
9.02, SD = 1.23) but not among individuals with TBI (Hits, M = 12.06, SD = 
1.01; Miss, M = 13.19, SD = 1.33). The additional interactions did not reach sig-
nificance. 

3.6. Test Phase 

Mixed-design ANOVA’s were performed to examine the differences between the 
Repeat and the Re-pair conditions (within-subjects variable) and between the 
two groups (control and TBI, between-subjects variable) in the DT on faces that 
were remembered and those that were forgotten (Hit and Miss condition, with-
in-subjects variable). Comparison of Hits and Miss conditions revealed that par-
ticipants looked more at recognized faces compared to forgotten faces F(1, 35) = 
9.08, p < 0.01, 2ηp  = 0.21, with no significant interactions between the recogni-
tion result (Hits vs. Miss) and the group, F(1, 35) = 2.12, p = 0.15, 2ηp  = 0.06 or 
between the recognition result and the context, F(1, 35) = 1.01, p = 0.32, 2ηp  = 
0.03. The former interaction indicates that the difference between DT towards 
faces that were remembered correctly and faces that were forgotten was greater 
in the control group compared to the TBI group. We found a significant main 
effect of context, F(1, 35) = 5.57, p < 0.05, 2ηp  = 0.14, as the DT in the Re-pair 
condition was longer (M = 13.28; SD = 0.45) than in the Repeat condition (M = 
12.60; SD = 0.38). Finally, we did not find a significant main effect of group, F(1, 
35) = 0.78, p = 0.38, 2ηp  = 0.02, and no significant interactions between context 
and group, F(1, 35) = 0.08, p = 0.78, 2ηp  = 0.002 or between context, the recog-
nition result and group, F(1, 35) = 0.18, p = 0.67, 2ηp  = 0.01 (see Figure 5).  

Finally, we compared the DT for recognized faces (Hits) versus the faces that 
were mistakenly recognized (FA) between the two groups. This analysis will al-
low us to examine whether the results reported above in which DT toward sti-
muli that were remembered (“Hit”) is longer than stimuli that were forgotten  
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Figure 5. Mean of DT for the 3 AOI in total of the two groups (control and TBI) under 
Hit and Miss memory result in the test phase. *p < 0.01. 
 
(“Miss”), is due to the association with recognition and not due to the stimulus 
selection (choosing “yes”). It was found that the DT for recognized faces (Hits) 
was higher compared to faces that were recognized mistakenly, (FA) F(1, 35) = 
61.38, p < 0.001, 2ηp  = 0.64, Hits, M = 14.80, SD = 0.68, FA, M = 8.61, SD = 
0.63. Neither the group effect, F(1, 35) = 0.62, p = 0.44, 2ηp  = 0.02, nor the in-
teraction between the recognition result and group, F(1, 35) = 0.11, p = 0.74, 2ηp  
= 0.003 reached significance. 

4. Discussion 

The findings of this study replicated previous findings by Vakil et al. (2019a) 
with healthy participants, demonstrating the effect of facial expressions (i.e., 
context) on the memory of facial identity (i.e., target, information to be remem-
bered). CDE was found since recognition of facial identity was better under the 
Repeat condition, i.e., when the face was presented with the original neutral ex-
pression, compared to faces in which the facial expression was changed to happy 
or angry (i.e., Re-paired). Interestingly, in the present study, it was also found 
that the group with TBI showed CDE to the same extent as the control group. 
These findings are consistent with previous findings demonstrating that while 
individuals with TBI have impaired memory when tested explicitly, memory for 
contextual memory when tested implicitly (i.e., CDE) is preserved (Vakil, 2005; 
Vakil et al., 1996, 1998; Vakil, Blachstein, & Hoofien, 1991). These results also 
suggested that although individuals with TBI had difficulty in perceiving and 
identifying emotions that were displayed in various modes (Mancuso, Magnani, 
Cantagallo, Rossi, Capitani, Galletti, & Robertson, 2015; Bornhofen & McDo-
nald, 2008; McDonald & Saunders, 2005), the ability to implicitly identify emo-
tions is still preserved, as evidenced by the CDE effect that was found among 
TBI participants. Analysis of response bias as measured by C index revealed that 
participants tended to have a more liberal response bias when the facial expres-
sion remained constant from study to test (i.e., Repeat condition) than when fa-
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cial expression was changed from study to test (i.e., Re-pair condition). Howev-
er, this effect was found only within the control group. Among the TBI group, 
there was no difference between the conditions. Thus, just like the control group, 
the group with TBI tended to have better recognition in the Repeat than the Re-
pair condition (measured by d’), but unlike the controls, did not show a higher 
rate of C (liberal response bias) under the Repeat than the Re-pair condition. A 
possible explanation for this finding is that the group with TBI, being aware of 
their memory deficits, adopted a more conservative response bias, which was not 
affected by the familiarity of the contextual information (facial expression). 

One of the aims of the current study was to test whether there is a dissociation 
or association between representation of the identity, the consistent elements of 
the face and the changeable elements of the face (such as facial expression). 
Consistent with the previous study by Vakil et al. (2019a), the current study’s 
finding found a CDE using facial expression, contradicting Bruce and Young 
(1986) and Haxby et al. (2000) cited above, who claimed that the representation 
of identity must be relatively independent of the representation of the changea-
ble aspects of a face. If this approach was correct and the face is represented sep-
arately from the facial expression, then in the current study we would not have 
found a difference in recognition when the facial expression was the same at the 
study or changed in the test. Therefore, these results support the approach that 
suggests that there is an interaction between identity recognition and facial rec-
ognition (Yankouskaya et al., 2012).  

Eye movement results of the current study support previous results that showed 
that there is an association between eye movements (DT during study) and rec-
ognition memory performance during a subsequent test (see Table 2 & Table 3). 
This result was found among the control group and the TBI group. Contrary to 
our hypothesis, we did not find a CDE effect, as there was no difference in the 
correlation between the DT towards the AOI and memory performance (d') un-
der the Repeat and Re-pair conditions. Further analysis reveals that in the study 
phase, the control group, but not TBI patients, looked longer at the faces in the 
Repeat condition (especially at the nose) and towards faces that were recognized 
than those that were forgotten. These results are consistent with previous reports 
showing that during face recognition, participants tend to focus first on the nose 
(Hsiao & Cottrell, 2008). The results provide additional support for findings of 
the connection between familiarity and eye movements, so that longer DT to-
wards the stimuli is associated with higher performance in recognition of those 
stimuli (Heisz et al., 2013; Kafkas & Montaldi, 2011; Snow et al., 2011). The same 
result was found regarding the test phase, i.e., longer DT was also associated 
with higher recognition performance, thus supporting earlier studies in which 
participants looked longer at stimuli presented in the study phase as opposed to 
new stimuli (Chanon & Hopfinger, 2008; Chen & Lee, 2015; Ryan et al., 2007). 

The current study has several limitations. The main one is the sample size that 
includes about 20 participants in each group due to the limitations in research  
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Table 2. Correlation between DT and d’ in the study phase (in total and separately for the 
3 AOI) in the repeat and the re-pair conditions.  

Study phase 

Control TBI 

d’ Repeat 
(n = 21) 

d’ Re-pair 
(n = 21) 

d’ Repeat 
(n = 18) 

d’ Re-pair 
(n = 18) 

DT-Eyes 0.42 0.25 0.47* 0.40 

DT-Mouth 0.28 0.16 0.18 0.42 

DT-Nose 0.37 0.48* 0.24 0.30 

Total DT 0.76** 0.66** 0.52* 0.61** 

*p < 0.05, **p < 0.01. 
 
Table 3. Correlation between DT and memory in the test phase (in total and separately 
for the 3 AOI) in the Repeat and the Re-pair conditions. 

Test phase 

Control TBI 

d’ Repeat 
(n = 21) 

d’ Re-pair 
(n = 21) 

d’ Repeat 
(n = 18) 

d’ Re-pair 
(n = 18) 

DT-Eyes 0.08 −0.10 0.25 0.10 

DT-Mouth 0.25 0.33 0.28 0.58* 

DT-Nose 0.35 0.31 0.35 0.48 

Total DT 0.60** 0.66* 0.79** 0.61** 

*p < 0.05, **p < 0.01. 
 
on clinical population. As can be noted in the results section, some of the ana-
lyses were close to significance and in some cases the effect size was moderate. 
We believe that increasing the sample size could lead to some of the effects 
reaching significance, and we encourage researchers to continue with this line of 
research. The second limitation concerns the study set which in the study phase 
includes only faces with neutral expression. According to research that memory 
might work differently according to facial emotion (i.e., Vakil et al., 2019a; Zwick-
el & Muller, 2010), and the results of the current study that show evidence for 
CDE using neutral face expression, we propose further studies that would ex-
amine the CDE effect of facial expressions with various emotions (anger, joy, etc.) 
among a TBI population, as well as using eye movement measures. 

5. Conclusion 

The findings of the current study contribute to our knowledge about context ef-
fect among individuals with TBI who suffer from several dysfunctions including 
memory, social interaction problems and difficulty in understanding facial ex-
pressions (i.e., Deitcher et al., 2020; Suh et al., 2006; Vakil, 2005). The current 
study indicated that the group with TBI was affected similarly to the control 
group from the change in facial expressions (i.e., CDE), so even though they may 
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have explicit difficulties identifying facial expressions when tested implicitly, this 
ability is preserved. Eye movements were another measure tested in the current 
study, in the study and test phases. It seems that longer DT is associated with 
better recognition in the study phase and the test phase as well. 
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Appendix 1 

    
 

Faces with facial expressions: neutral, happy, and angry face, from left to right, 
respectively.  

Appendix 2 

 
 

Three AOIs were chosen: the eyes (each eye is marked separately), the nose, 
and the mouth.  
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