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Introduction

Episodic memory enables humans to remember a spe-
cific episode from their personal past by mentally travel-
ling through subjective time (Tulving, 2002). Imagine 
you are in urgent need of a birthday present for a friend 
and think of buying a new seasonal food calendar. To 
find out whether your friend already owns one, you 
could try to remember it from the last time you were in 
your friend’s kitchen. During mental time travel, sce-
narios of a previously experienced episode can be (re-)
constructed. But how accurate are those scenarios? 
Empirical research suggests that episodic memory traces 
store only the gist, not the details, of an episode (Bartlett, 
1932; Deese, 1959; Gernsbacher, 1985; Koutstaal & 
Schacter, 1997; Roediger & McDermott, 1995). Semantic 
information is hypothesised to aid in scenario 
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construction. In the scenario construction model (SCM), 
Cheng et al. (2016) support the notion of remembering 
the gist and add the proposition that all required infor-
mation missing in this trace is substituted from semantic 
memory. Consequently, retrieval is thought to be sub-
stantially influenced by pre-existing knowledge and 
expectations. The SCM is supported by previous studies 
that showed that episodic memory recall is error-prone, 
and that semantic information influences encoding and 
retrieval of episodic memory (Chadwick et  al., 2016; 
Roediger & McDermott, 1995). For example, a semanti-
cally congruent context during encoding seems to 
enhance memory recall (Brod & Shing, 2019; Staresina 
et  al., 2009). Revisiting the above example, when you 
think of your friend’s kitchen, you may remember that 
you had tea during your last visit (the gist of the epi-
sode). Nevertheless, it is unlikely that you recall all 
details of the episode correctly, like the exact colour of 
the teacup, or whether a calendar was already hanging 
on the wall. The lack of comprehensive encoding might 
result in false memories of that episode, for example, 
that the teacup was white or that a calendar was hanging 
on the wall—when in fact this information was substi-
tuted from your semantic knowledge (e.g., see Brod & 
Shing, 2019).

We are interested in examining whether these false 
memories are systematically influenced by interference 
with the semantic memory system or emerge randomly. 
Thus, to experimentally investigate the theoretical frame-
work on semantic construction during retrieval, it is impor-
tant to distinguish between the information stored in the 
episodic memory trace, and semantic information from the 
beginning onwards. Hence, during the encoding of an epi-
sode, we placed objects congruent to their semantic expec-
tation or at odds. The congruence manipulation enables us 
to create conflicts between episodic memory traces and 
semantic knowledge during encoding. Subsequently, in a 
later memory test, the accuracy of the recalled location of 
the schematically unexpected (incongruent objects) can 
give us information about the predominant involvement of 
the episodic memory trace or semantic information during 
scenario construction. Nevertheless, congruence can influ-
ence memory in two possible ways, already at encoding. 
On the one hand it may be plausible that incongruent 
objects are more likely to be remembered better than con-
gruent objects due to the unexpectedness of their location. 
Küppers and Bayen (2014), for example, found that par-
ticipants show better source memory for schematically 
unexpected compared with schematically expected items. 
On the other hand, the congruence effect describes the 
finding that participants show better memory performance 
for items that were presented congruently to their semanti-
cally fitting context (Bein et al., 2015). In an experimental 
study, Brewer and Treyens (1981) placed participants 
under a pretext in a realistic office. Inside this office, 

objects were placed that were either schema congruent or 
schema incongruent. A subsequent free recall test provided 
evidence for high correlation between schema expectation 
and recall of objects. Furthermore, participants remem-
bered highly schema-relevant objects that in fact were not 
present. The later mentioned congruence effect goes in line 
with the SCM and thus will be part of our hypotheses. 
Importantly, we wanted to point out again that the congru-
ence manipulation during the encoding phase allows us to 
test the central prediction of the SCM looking at the ulti-
mate recalled information.

Another factor manipulated at encoding that facilitates 
investigating semantic construction, is task-relevance. 
Participants had to interact with half of the objects that 
were task-relevant. Furthermore, interacting with objects 
makes the induced episode more realistic and it takes cur-
rent findings of memory and task-relevance into account 
as well. A study from Williams et al. (2005), for example, 
showed that objects that are relevant to the task are remem-
bered better. Taking the factor task-relevance into account 
helps us to get an idea how strengthening (by task-rele-
vance) or weakening (in terms of task-irrelevance) the epi-
sodic memory trace could result in lower or higher 
semantic construction, respectively. Thus, it could provide 
us with stronger directions for future hypotheses and alter-
native manipulations of systematically affecting memory 
traces.

To systematically investigate semantic construction by 
manipulating congruence while controlling for possibly 
influencing factors like task-relevance, we need a complex 
yet controlled setting. Virtual reality (VR) paradigms pro-
vide the compromise between experimental control and 
ecological validity (Hardiess et  al., 2015). A VR system 
allows to actively navigate by use of input tools (e.g., key-
boards). This can be considered as a form of enactment 
and enhance spatial (Brooks et  al., 1999) and episodic 
(Jebara et al., 2014) memory performance. Enhanced epi-
sodic memory when using active navigation in a VR com-
pared with observing passive actions, for example, using 
video sequences has been shown in previous research 
(James et al., 2002; Pacheco et al., 2021; Sauzéon et al., 
2011).

For the present study, we thus used a desktop VR. 
Participants experienced an episode by actively navigating 
through a realistic virtual environment—a three-room flat—
and at the same time fulfilling 12 tasks with different house-
hold objects in accordance with a cover story. To investigate 
the influence of semantic information on episodic memory 
during scenario construction, we made use of a randomised 
congruence-manipulation by placing objects in the virtual 
flat: objects appeared in expected, congruent rooms (e.g., a 
toaster in the kitchen), or in unexpected, incongruent rooms 
(e.g., a toaster in the bathroom). With this manipulation, we 
created conflicts between the episodic memory trace and 
semantic pre-existing knowledge. Recall of the location of 
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incongruent objects hints at the predominant involvement of 
one of the components that influences the behavioural 
response (see Figure 1). For example, if an unexpected loca-
tion (the toaster in the bathroom) is correctly recalled during 
retrieval, the response indicates correct retrieval of the epi-
sode, while an erroneous memory of it (e.g., the toaster in 
the kitchen) indicates semantic substitution.

To detect memory errors, we need precise memory 
measurements. Episodic memory is multimodal, integrat-
ing multiple aspects of a past experiences, namely “what 
happened?” (I’ve made a sandwich using a toaster), 
“where” (in the bathroom) and “when” (before. . .). Note 
that in the following, we will only refer to the where- and 
when-component, instead of all three, as in our case the 
what component is conceptually hard to disentangle from 
the where. The ‘what’-component reflects item memory. 
Nevertheless, in our case the item memory is integrated 
into the where-component as the main manipulation of the 
objects is the location (congruence).

Besides, there is the dimension of the temporal relation 
between whatever happened (“when did it happen?”) 
(Tulving & Donaldson, 1972). Earlier studies showed that 
when freely recalling a sequence of encoded words, par-
ticipants tended to cluster semantically related words, 

which was termed semantic clustering (Bousfield, 1953; 
Manning & Kahana, 2012). We assume that memory errors 
will be displayed both in the “where”-component of our 
paradigm (i.e., in which room incongruent objects were 
experienced) and in the “when”-component (i.e., interac-
tions with task-relevant objects that semantically belong to 
the same category [a toaster and a coffee machine] are 
remembered to have taken place subsequently). Thus, we 
developed memory measures that capture these compo-
nents and reflecting the spatiotemporal context.

The commonly used memory measures are the free 
recall and recognition task. Both held their advantages and 
disadvantages (for review see Cheke & Clayton, 2013). 
Therefore, we decided to implement two additional mem-
ory measurements that might provide a more specific tool 
to depict the relevant components for semantic construc-
tion, that is, a temporal and spatial recall task (for more 
details see “Method and material” section). Aiming to find 
the best memory measure suitable for depicting semantic 
construction and taking the multiple recall dimensions (of 
memory) into account, we came up with a combination of 
the following four memory measures: a free recall (for 
methodological reasons), a recognition task (for compari-
son purposes), a spatial recall (for capturing the “where”-
component) and a temporal recall (for capturing the 
“when”-component).

The purpose of our study was twofold. First and fore-
most, we aimed to test the SCM on a behavioural level. 
Second, we want to confirm that our paradigm provides a 
suitable basis for future studies investigating semantic con-
struction. Therefore, we tested the following hypotheses:

1.	 Participants show better memory performance for 
objects that were presented congruently to their 
semantically fitting context (congruence effect).

2.	 Task-relevant objects are more likely to be recalled 
episodically correctly, whereas the recall of task-
irrelevant objects is more prone to memory errors 
and consequently more affected by semantic 
construction.

Only the recall of incongruently placed objects provides us 
with information about the potential influence of semantic 
information. Thus, to further investigate scenario con-
struction, in a next step we focus only on the recall of 
incongruently placed objects.

3.	 Incongruently placed objects that are recalled epi-
sodically wrong are more likely to be erroneously 
recalled in a semantically congruent location, rather 
than erroneously recalled in an unrelated location.

4.	 Incongruently placed and (at the same time) task-
relevant objects are more likely to be recalled epi-
sodically correctly, whereas incongruently placed 
and (at the same time) task-irrelevant objects show 
increased semantic construction.

Figure 1.  Experimental manipulation in the current study. The 
creation of conflict between semantic information and episodic 
memory allows the investigation of the influence of semantic 
information on episodic recall.
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The temporal recall of only task-relevant objects provides 
us with additional information about scenario construc-
tion, while taking the multidimensionality of memory into 
account.

5.	 In the temporal recall, objects belonging to the 
same semantic category are clustered closer 
together than objects from a different semantic cat-
egory, reflecting semantic construction.

We developed a novel VR-based memory paradigm as a 
promising compromise between ecological validity and 
experimental control to investigate the interaction between 
episodic memory traces and semantic information during 
scenario construction. Besides, we aim to provide the most 
accurate memory measure capturing scenario construction 
that takes the multiple memory recall dimensions into 
account at the same time. Thus, in addition to the com-
monly used (1) free recall and (2) recognition memory, we 
introduced two novel developed memory tests for (3) spa-
tial recall and (4) temporal recall. All memory tests are 
conducted at two different retrieval delays (1 day and 1 
week after encoding).

Method and material

Participants

The required sample size was determined a priori using 
G*Power 3.1 (Faul et al., 2007). Due to a lack of literature 
on scenario construction, we assumed to find a medium-
sized effect for comparing proportions of objects sorted to 
their semantic category and the proportion of objects 
sorted to an unrelated room, among all incongruent objects. 
In this study the within-subject analysis is not independ-
ent, thus we will use a Wilcoxon-signed rank test for 
matched pairs. Accounting for a likely violation of normal-
ity, we chose a restrictive estimation of a medium effect 
size of dz = .05 (J. Cohen, 1988), an alpha error probability 
of .05, and a power of 95%, which revealed a required 
sample size of 50 participants. To compromise for possible 
dropout, we recruited 60 participants.

Dropout due to technical problems (n = 1), acute motion 
sickness (n = 1), or participants that did not show up at all 
3 testing days (n = 7) resulted in a total sample size of 51 
(Mage= 23, range = 19–35 years, 32 women, 19 men). 
Inclusion criteria were (1) general good health, no current 
or past mental or neurological illness, (2) right handed-
ness, (3) normal or corrected to normal vision, (4) good 
German language skills, and (5) no self-experienced his-
tory of motion sickness. Due to testing during the global 
COVID-19 pandemic, we took extra precautions, which 
influenced the screening and hygiene procedure in the 
experimenter–participant interaction. All participants were 
naïve concerning the purpose of this study. Participants 
were either paid 50€ or received course credit.

Software

Virtual environment.  We created a virtual flat with the 3D 
game engine Unity (Unity Technologies, San Francisco) 
and filled it with realistic details, such as interior and 
household objects, from several packages (asset store 
products). The virtual flat consisted of three target rooms 
(a kitchen, a bathroom, a bedroom) and a neutral entrance 
room which connects all rooms (see Figure 2).

Materials

All tasks and questionnaires were provided in the German 
language. All questionnaires (except the demographic 
questionnaire), the recognition memory task, and the PVT 
were programmed in MATLAB (2020), using the 
Psychtoolbox-based OTBR Toolbox (Brainard, 1997; 
Rose et  al., 2008). We used the game engine Unity 3D 
(version 2020.1.0a24, Unity Technologies, San Francisco) 
to develop the virtual environment and the spatial and tem-
poral recall.

Stimuli.  We used 24 virtual 3D household objects in total. 
We extracted 22 of them from different Unity packages 
(for a comprehensive list see the online Supplementary 
Material 1). In addition, we created two virtual objects 
ourselves using the 3D computer graphics software toolset 
Blender (Blender Online Community, 2018). Using a prior 
online survey, we verified that independent participants 
rated the objects we used fitting to the same semantic sche-
mata (e.g., a toaster which belongs in the kitchen), result-
ing in eight objects per room category (see Figure 3).

Study procedure

The study included 3 testing days (see Figure 2). The first 
2 days took place consecutively and the last testing day 1 
week later. At day 1, episodic memory was encoded by 
inducing an episode of a preparation phase for a pretended 
date inside a virtual environment. For methodological con-
siderations of a future study, we distinguished between 
two conditions, in which half of the participants accom-
plished an additional task, at day 1. Thus, the testing on 
day 1 lasted between 40 and 80 min depending on the con-
dition. On day 2 and 8, we tested memory retrieval using 
four different memory measure tests. The second day 
lasted about 80 min and the third day lasted about 40 min 
again. The study was approved by the ethical committee of 
the Faculty of Psychology at Ruhr University Bochum, 
Germany.

Day 1.  After giving written informed consent, participants 
answered two questionnaires—one demographic and one 
comprising the Edinburgh handedness Inventory (EHI; 
Oldfield, 1971). Half of the participants completed a pic-
ture viewing task (PVT).
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Figure 2.  Overview of procedure of all 3 testing days. The first day included the memory encoding in the virtual environment. The 
other 2 days consisted of four memory retrieval tasks.

Figure 3.  Overview of stimuli.
We used 24 household objects. Red, blue, and yellow frames indicate the room categories of the objects (kitchen, bathroom, and bedroom). black 
dotted frames mark objects that are task-relevant. Grey dotted frames mark objects that are task-irrelevant.
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During the picture viewing blocks, participants saw 2D 
pictures of 24 household objects in random order on a 
greyscale background. The pictures were screenshots from 
virtual 3D objects that are used in the following episodic 
virtual environment (EVE) task. Each picture was pre-
sented for 3,000 ms. Between two stimuli, participants saw 
a black fixation cross, which changed its colour to red in 
5% of the cases. Participants pressed a button whenever 
they spotted the colour change and watched the presented 
stimuli attentively. Overall, 10 picture viewing blocks 
were presented. Between the picture viewing blocks, par-
ticipants saw 24 pictures of faces in random order during 
the pause blocks. The faces were randomly drawn from a 
set of 200 faces of an intern, systematic Google picture 
search. We chose pictures with a broad variation in diver-
sity, age, and origin. Half of the participants (PVT group) 
performed this task twice (pre and post encoding, see 
Figure 2), while the other half (no-PVT group) only per-
formed this task once (post encoding). The PVT was con-
ducted in preparation for a future fMRI version of the 
paradigm, which will aim to investigate task-induced 
changes in neural similarity structure by using representa-
tional similarity analysis (RSA). For more detailed infor-
mation on RSA (see Bierbrauer et al., 2021). The PVT is of 
no further interest for this study. Nevertheless, we will 
analyse the group differences of PVT and no-PVT group 
(group membership) in terms of memory differences in the 
“Results” section. Group membership refers only to the 
randomised assignment of PVT or no-PVT prior to 
encoding.

Subsequently, all participants underwent episodic 
memory encoding in the form of EVE task. During a 
familiarisation phase with the virtual environment partici-
pants navigated freely in first-person perspective (using a 
keyboard) through a flat. The flat was created with a 
kitchen, a bathroom, a bedroom, and a hallway connecting 
all three rooms. Each room was already set up with room-
specific interior. Besides, four specific household objects 
were placed randomly across the flat. A presentation of a 
cover story (see the online Supplementary Material 2) of 
recently moving in and doing maintenance work followed. 
Participants finished two tasks related to the cover story, 
by approaching the two task-relevant objects and interact-
ing with them (using button presses). To assure that all par-
ticipants explored the flat in a comparable manner, a 5-min 
time limit was set. During the exploration phase, partici-
pants filled out a questionnaire regarding the flat to ensure 
that they recognised the rooms and the floor plan. The con-
tent of the familiarisation phase was not tested during the 
later memory recall.

In the following main EVE task, participants received a 
new cover story of preparing their flat for an evening date. 
The flat and the interior stayed the same, while instead of 
the 4 example objects, 24 new household objects (8 objects 
per room category) were located inside the flat. We 

manipulated the location of all objects inside the VR 
regarding congruence to distinguish between episodic end 
semantic memory recall on the later run. Thus, we placed 
half of the objects according to their semantically fitting 
category (e.g., a coffee machine in the kitchen) and the 
others at odds (e.g., a toaster in the bathroom). In addition, 
we predefined 12 objects as task-relevant or task-irrele-
vant, such that task-relevant objects were included in the 
sequence of actions during the EVE task. This functions to 
enhance the plausibility of the cover story and to control 
for the possible influencing factor of attention due to inter-
action with some objects but not with others, which reflects 
an everyday life behaviour. All task-relevant and task-
irrelevant objects were the same for all participants. 
Nevertheless, the order of the tasks was randomised 
between participants. Altogether, participants conducted 
12 tasks (for full list see Supplementary Material 3) which 
were related to the new cover story—for example, “You 
still need to buy groceries. Look for the recipe inside the 
cooking book and take a picture of the list of ingredients,” 
with half of the objects. We randomised both congruence 
and task relevance resulting in the location of eight objects 
per room—4 congruent (2-task-relevant or-irrelevant) and 
4 incongruent objects (2 task-relevant or-irrelevant).

Prior and directly after the EVE task, participants 
answered the Positive and Negative Affect Schedule 
(PANAS; Breyer & Bluemke, 2016; Watson et al., 1988) to 
check for possible influence of the task on participant’s 
affect. After participants answered the Igroup Presence 
Questionnaire (IPQ; Schubert et al., 2001) assessing sub-
jective feeling of experienced presence in a VR, the first 
day ended.

Day 2.  All participants underwent four incidental memory 
tasks and the PVT. Starting with the free recall, partici-
pants were instructed to freely narrate everything they 
remember about the episode in the virtual environment, 
while being audio-recorded. By prior presentation of an 
exemplary audio recording (referring to the familiarisation 
phase) we ensured that participants would focus especially 
on the objects and their location inside the virtual environ-
ment during their own recall and thus providing us with 
the specific details necessary for investigating scenario 
construction.

The following recognition task consisted of 48 trials. In 
each trial, a 2D picture of a household object was pre-
sented on a plain grey background. In half of the trials 
“old” objects (i.e., objects that had been present in the vir-
tual flat) were shown, while in the other half new objects 
were shown, which had not been present in the virtual flat. 
These “lures” were chosen according to their semantic 
congruence (eight new objects per room category, i.e., 
n = 24) as well as their conceptual similarity to some of the 
objects (for full list see Supplementary Material 2). Each 
picture was displayed for a fixed duration of 3 s. The order 
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of presented pictures was randomised over all participants. 
Per trial participants had 15 s to respond via mouse click 
on a six-point confidence scale to the question: “Have you 
seen this object in the flat?” (from “sure new” to “sure 
old”). When a participant indicated to have seen the object 
in the flat, the additional question: “In which room have 
you seen the object” was shown. A new trial started when-
ever a participant answered this question or rated a pre-
sented object as “new.” In case no response was given for 
15 s, the trial was excluded from the analysis and the next 
trial started automatically.

After the first two memory measures in which it was 
crucial that participants relied on their own episodic mem-
ory without any cues regarding the actual presence of the 
objects during the episode, the PVT followed (for details 
see section “Day 1”). Due to the nature of the following 
self-developed memory measures, all objects that were 
present during the EVE task appeared all together to 
arrange them according to the “where” and “when”-com-
ponent of memory. Thus, the PVT task did not give away 
any additional information about the objects that were pre-
sent during the EVE task, that participants would not 
receive during the last memory measures, anyway.

In the subsequent self-developed spatial recall, partici-
pants saw the 2D floor plan of the virtual flat from a bird’s-
eye view and 2D pictures of the 24 household objects on a 
grey background arranged randomly beside it. The task 
was to drag and drop (using the computer mouse) one 
object after the other to the specific location inside the vir-
tual flat where participants remembered to have encoun-
tered this object during the EVE task. The instructions 
encouraged them to drag all objects and to guess when 
they could not remember an item. After dragging an object 
onto a location and releasing the mouse key the object dis-
appeared from the display. Participants did not receive any 
feedback about the correctness of their object placement. 
Participants could restart the trial via a button press if they 
believed they had chosen a wrong location. To familiarise 
themselves with the procedure, participants conducted a 
test trial, including the objects from the familiarisation 
phase of the EVE task and were given the opportunity to 
ask questions. For our analysis, we measured memory 
accuracy as the difference between the distance of remem-
bered and actual position (see Figure 4). The distance from 
the dropped position to the correct position was calculated 
considering the direct virtual route between the two points. 
The diameter of one room (corner to corner) was 290 units. 
The neutral distance (e.g., kitchen door to bathroom door) 
was 222 units. Thus, the distance from the dropped posi-
tion to the correct position equals the sum of the distance 
from the dropped position to the room door, the neutral 
distance, and the distance from the target room door to the 
correct position.

Finally, in our second self-developed temporal recall, 
participants saw a black screen, with 2D pictures of all 

task-relevant objects in the order they choose to drag and 
drop the objects in the previous spatial task. Here they had 
the chance to focus on the actual order they remember to 
have performed the task and arrange the pictures of the 
objects accordingly onto a list of numbers ranging from 1 
to 12. Whereas the number one indicated the first task and 
number 12 the last task, respectively. Participants were 
able to rearrange the order in the virtual space by using a 
computer mouse. The task is depicted in Figure 2. 
Technical failures in this task specifically led to a final 
sample size of N = 46 participants for the following analy-
ses. Then, participants sorted pictures from all 24 house-
hold objects, onto a scale from 1 to 24, regardless of their 
task-relevance but concerning the order participants 
remember to have noticed them in the VR. After the last 
memory test, day 2 ended.

Day 8.  Participants underwent all four memory tasks 
again. The experiment ended with the final survey of auto-
biographical memory (SAM; Palombo et al., 2013), which 
assesses general memory.

Statistical methods

Data preparation.  We prepared the data for further analy-
ses with Python 3.7 implementation in Spyder (Raybaut, 
2009; van Rossum & Drake, 2009). All statistical analyses 
were conducted with R implementation in RStudio (R Core 
Team, 2019; RStudio Team, 2019). In a first step we had a 
general look at our four memory measures: (1) free recall, 
(2) recognition memory (old/new ratings and subsequent 
room-sorting), (3) spatial memory (the distance between 
the drop location and the correct location of an object in 
the virtual environment, depicted in Figure 4a, in unity 
units, and according room-sorting), and (4) temporal recall 
(a recall of the order of the tasks). The descriptive analysis 
of the data from the free recall task revealed that only 37% 
of the objects were mentioned at all in the free recall, and 
for only 32% an according room was mentioned. We 
acknowledged that the amount of data acquired from this 
recall task—on average only seven object-room-recalls 
per participant—is insufficient for our planned statistical 
contrasts (i.e., estimating the effect of congruence on 
memory recall or differentiating between different room-
sortings for only incongruent objects and estimating the 
effect of task-relevance). We gained a first insight into our 
data by analysing the recognition memory task. To this 
end, we first calculated and reported general recognition 
memory performance with the sensitivity measure dʹ (esti-
mated from the hit and false alarm rate) and then, includ-
ing only targets but not lures, we further estimated a model 
predicting correct “old”-responses (hits) by an objects’ 
congruence, “task-relevance” and the time point of 
retrieval. Regarding the room-sorting, however, we looked 
at the relatedness between the room responses in the 
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recognition task and the participant’s chosen rooms in the 
spatial recall task using Pearson correlation analyses with 
the R-package psych (Revelle, 2020). We expected that 
both tasks are not orthogonal to each other, because the 
two tasks assess similar content (i.e., which room the par-
ticipant remembered to have seen a specific object). As 
predicted, the room-sorting performance in the recognition 
memory task was highly correlated with the room-sorting 
in the spatial recall task (r = −.74). Thus, in our investiga-
tion of the main hypotheses, we restricted our analyses to 
the room-sortings from the spatial recall task. To preclude 
guessing, we furthermore excluded objects that were not 
recognised as “old” in the recognition task, and thus pos-
sibly not noticed at all, from these analyses.

Data analysis.  We started by generally analysing how rele-
vant object characteristics (“congruence” and “task-rele-
vance”) and how the within-subject factor “retrieval delay” 

and the between-subject factor “group-membership” 
affected memory-performance. We first analysed whether 
the hit rate (was a target object correctly identified as “old”) 
differed between the two object-characteristics (“congru-
ence” and “task-relevance”), the two retrieval-delays and 
the two groups, including interaction-effects between “con-
gruence,” “task-relevance” and “group-membership.” We 
conducted a logistic linear mixed model analysis, taking 
both individual subject effects and object effects into 
account by including them as random factors in our model, 
as an inclusion of both factors improved the model fit (esti-
mated with the intraclass correlation coefficient [ICC] sub-
ject ICC = .06, object ICC = .29). We followed the procedure 
following Sommet and Morselli (2017), and thus estimated 
significance by computing 95% confidence intervals (CI) 
and interpreting odds ratio (OR, i.e., if the value 1 is part of 
the 95% CI, there is no significant effect of that respective 
predictor). We centred all predictors to mean 0.

Figure 4.  Accuracy of spatial memory is modulated by congruence and task-relevance. (a) In this example, the distance from 
the dropped position to the correct position equals the sum of the distance from the dropped position to the bathroom door, 
the neutral distance, and the distance from the bedroom door to the correct position. (b) “Congruence” and “task-relevance” 
significantly predict the distance from the dropped to the correct position for all initially recognised objects across delays, groups, 
and sizes.
Depicted are the model estimates and standard errors. Post hoc analyses revealed that congruence predicted memory for both task-relevant and 
task-irrelevant objects, and that the difference is higher for task-irrelevant objects.
***p < .001.
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In a next step, we conducted a similar analysis for the 
spatial recall, but included only objects which were cor-
rectly identified as “old” in the recognition task. We ana-
lysed whether spatial recall performance (measured with 
the walking-distance between the drop-location and the 
correct location of an object, “drop error,” depicted in 
Figure 5a) could be predicted by “congruence,” “task-rel-
evance,” “retrieval delay” and “group-membership,” again 
including interaction-effects between “congruence,” “task-
relevance” and “group-membership.” Prior to this analy-
sis, we again confirmed clustering in our data and could 
show that allowing for the two random factors “subject” 
and “object” improved the model fit (ICC = .209). We 

hence used linear mixed models to account for these ran-
dom factors, using the R-package lme4 (Bates et al., 2015). 
We used restricted maximum likelihood estimation and 
tested statistical significance of fixed effects with a Type 
III ANOVA F-statistics using the R-package car (Fox & 
Weisberg, 2019). We conducted post hoc pairwise com-
parisons with t-tests and adjusted p-values using “Tukey”-
correction in the R-package emmeans (Lenth, 2020).

Our second research question focuses on the memory 
for incongruent objects, as they allow for a discrimination 
between episodic memory (sorting to the correct room) 
and semantic construction (sorting to the semantically 
related room). Using the room-sorting data from the 

Figure 5.  During the spatial recall task, all 12 incongruent objects were either (a) sorted episodically correctly, (b) sorted 
semantically, (c) sorted to the unrelated room, or (d) excluded, because they were rated as “new” in the recognition task.
Depicted are the resulting proportions of room-sortings for all participants, separately for task-relevant and task-irrelevant objects and both 
retrieval delays. The box-plots show the median, the first and third quartiles (represented by the box), the minimum and maximum (represented 
by the whiskers), and outliers (data points which are smaller or larger than 1.5 times the interquartile range). Two-sided paired Wilcoxon 
signed rank sum tests (represented by the connecting, horizontal bars) revealed that on both retrieval delays, task-irrelevant objects were more 
likely sorted to their semantic category rather than to the unrelated room. This is also the case for task-relevant objects after the second, but 
not after the first retrieval delay. Furthermore, task-irrelevant objects were more likely sorted to their semantic category than task-relevant 
ones. Proportions of episodic sortings were not included in statistical analyses and are marked as shaded. A fourth and complementing column 
(“Proportion of no response,” including all objects which were not recognised, or no response was given on) was not visualised for reasons of 
simplicity.
**pHolm < .01, ***pHolm < .001.
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spatial recall task of all 12 incongruently encountered 
objects, we calculated the proportions of objects sorted to 
their semantically related room, to the unrelated room, 
and, for illustrating purposes, also to the correct room. The 
proportions were calculated separately for task-relevant 
and task-irrelevant objects. For each of our two retrieval 
delays, we first investigated whether the proportions dif-
fered between task-relevant and task-irrelevant objects. 
Importantly, we then analysed the semantic bias, that is, 
differences between the proportion of objects sorted to the 
semantic room (semantic construction) and the proportion 
of objects sorted to the unrelated room (guesswork/ chance 
level), separately for task-relevant and task-irrelevant 
objects. For statistical comparisons we used two-sided 
paired Wilcoxon signed rank sum tests. We accounted for 
multiple testing (8 tests) using Holm correction.

Finally, we analysed whether the temporal recall was 
influenced by semantic information. We were especially 
interested in whether the temporal order, in which the 
task-relevant objects were sorted by the participants, was 
significantly influenced by the semantic relation between 
two objects, that is, whether objects semantically belong-
ing to the same room are temporally clustered together as 
a sign for semantic construction in temporal recall. For 
both retrieval delays, we estimated the difference value 
between the averaged recalled temporal distances of 
object-pairs belonging to the same semantic category and 
the recalled temporal distance between object-pairs 
belonging to different semantic categories as a measure 
of semantic clustering (see Figure 6). In addition, we esti-
mated the same semantic clustering score for the actual, 
encoded order of the tasks, to make sure the recalled 

Figure 6.  Depicted is the schematic overview of the analysis of the temporal recall data and the plotted results. First, the average 
distances between object-pairs belonging to different semantic categories and the average distances between object-pairs belonging 
to the same semantic category were calculated. The difference-value makes the semantic clustering score, which was calculated for 
the recalled temporal order after both retrieval delays, and the actually encoded temporal order.
The box-plots show the median, the first and third quartiles (represented by the box), the minimum and maximum (represented by the whiskers), 
and outliers (data points which are smaller or larger than 1.5 times the interquartile range). In addition, the points within the box represent the 
mean value. The encoded semantic clustering score (M = −0.078, SD = 0.522) differed from the retrieved semantic clustering after a delay of 7 days 
(M = 0.315, SD = 0.820), but not after a delay of 1 day (M = 0.080, SD = 0.775).
*p < .05.
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semantic clustering was not simply representing the 
encoded clustering, despite randomisation the order of 
the tasks across subjects. Then we compared the recalled 
semantic clustering of task-relevant objects with the 
encoded semantic clustering of objects using paired, two-
sided t-tests.

Results

General task information

Virtual environment task.  On average, participants have 
spent 6.4 min (SD = 2.6 min) in the virtual apartment solv-
ing the 12 tasks. On average, each task lasted 28.26 s 
(SD = 33.7). Participants spent the majority of it searching 
for the item (time between the first appearance of the 
instruction and first interaction), which lasted on average 
27.00 s (SD = 33.06). The search time differed between 
congruent (M = 22.66, SD = 26.79) and incongruent 
(M = 31.60, SD = 38.11) objects. The remaining time (task 
time, M = 1.25, SD = 2.33) on average did not differ much 
between congruent (M = 1.16, SD = 1.16) and incongruent 
(M = 1.35, SD = 3.12) objects.

Memory retrieval.  After the first retrieval delay, partici-
pants freely recalled on average 7.83 objects (SD = 2.66, 
second retrieval delay: M = 10.13, SD = 3.93). In the recog-
nition memory task, participants showed an average recog-
nition memory performance (dʹ) of 1.51 at the first retrieval 
delay (SD = 0.64, second retrieval delay: M = 1.87, 
SD = 0.69), with an average hit rate of 0.77 (SD = 0.1, sec-
ond retrieval delay: M = 0.84, SD = 0.1) and a false alarm 
rate of 0.14 (SD = 0.12, second retrieval delay: M = 0.16, 
SD = 0.12). During the spatial recall task, they dropped all 
objects on average 191.09 unity units away from their 
original position (SD = 60.63, second retrieval delay: 
M = 194.99, SD = 65.92). In the temporal recall, task-rele-
vant objects were sorted on average 3 units away from the 
original position in the order of the tasks (SD = 0.98, sec-
ond retrieval delay: M = 3.1, SD = 1.04).

Object memory performance

First, we looked at how the hit rate from the recognition 
memory task was predicted by object characteristics 
(“task-relevance” and “congruence” as “within-object” 
factors), the within-subject factor “retrieval delay,” and the 
between-subject factor “group-membership” (PVT–no-
PVT). Generally, we found that an object was more likely 
recognised as “old” when it was task-relevant as compared 
with task-irrelevant objects (OR = 0.118, 95% CI [0.064, 
0.208]). Furthermore, the likelihood of the correct recogni-
tion of a target object was significantly higher at the sec-
ond retrieval 1 week after encoding, compared with the 
first retrieval (OR = 1.762, 95% CI [1.414, 2.202]). In our 
analyses, the PVT-group was more likely to identify an 

object as “old” as compared with the no-PVT group 
(OR = 1.623, 95% CI [1.076, 2.469]). Although we did not 
find a significant effect of whether an object was congru-
ent, or not (OR = 1.318, 95% CI [0.998, 1.760]), we found 
a significant interaction between “congruence” and “task-
relevance” (OR = 0.456, 95% CI [0.256, 0.794]), such that 
task-relevant objects were more likely identified as “old” 
when they were congruently encountered (M = 0.95, 
SD = 0.23) rather than incongruently (M = 0.91, SD = 0.28), 
and task-irrelevant objects were more likely identified as 
“old” when they were incongruently encountered 
(M = 0.70, SD = 0.46) rather than congruently (M = 0.67, 
SD = 0.47). There was no significant interaction between 
“group-membership” and “congruence” (OR = 1.170, 95% 
CI [0.669, 2.082]), “task-relevance” (OR = 0.595, 95% CI 
[0.334, 1.031]) or the two of them (OR = 0.773, 95% CI 
[0.244, 2.362]).

Then, we investigated the effects of the same predictors 
on spatial memory accuracy, now excluding all objects not 
identified as “old” in the recognition task to prevent effects 
of mere guessing. To this end, we again conducted a linear 
mixed model, using restricted maximum likelihood esti-
mation and tested statistical significance of fixed effects 
with a Type III ANOVA F-statistics. The key results are 
depicted in Figure 4b. We found that congruent objects 
(M = 88.37, SD = 143.9 unity units) were significantly bet-
ter recalled than incongruent objects, M = 238, SD = 245.86, 
F (1, 1967.28) = 383.685, p < .001. Also, objects which 
were task-relevant (M = 115.68, SD = 180.4) were recalled 
significantly better than task-irrelevant objects, M = 227.58, 
SD = 239.35, F (1, 19.77) = 30.010, p < .001. Spatial mem-
ory performance was decreased 1 week as compared with 1 
day after encoding, F (1, 1962.46) = 4.577, p = .0325. We 
also found a significant interaction between the congruence 
of an object and its task-relevance, F (1, 1967.27) = 71.164, 
p < .001. Post hoc pairwise comparisons revealed better 
memory for congruent than incongruent objects of the task-
relevant, t (1969.9) = −8.610, PTukey < .001, and task-irrele-
vant, t (1985.1) = −18.402, PTukey < .001, category. As 
visible in Figure 4b, the difference in memory recall accu-
racy between congruent and incongruent objects was higher 
for task-irrelevant objects compared with task-relevant 
objects. Furthermore, our analysis showed that group-
membership (pre-PVT vs. no pre-PVT), did not influence 
spatial memory, F (1, 52.26) = 0.002, p = .961, nor was there 
an interaction of group with any other predictor, group × 
congruence: F (1, 1963.50) = .003, p = .956, group × task-
relevance: F (1, 1962.74) = .742, p = .389, group × congru-
ence × task-relevance: F (1, 1963.85) = .039, p = .844.

Semantic construction

We further studied the influence of semantic information on 
recall and focused on the room-sortings of incongruent 
objects. To this end, we first looked at whether the proportion 
of objects sorted to their semantic category among all 
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incongruent objects and the proportion of objects sorted to 
the unrelated room among all incongruent objects per par-
ticipant on both retrieval delays differed between task-rele-
vant and -irrelevant objects. As the assumption of normality 
was violated, we used a two-sided paired Wilcoxon signed 
rank test. On both retrieval delays, task-irrelevant objects 
were more likely sorted to their semantically fitting category 
than task-relevant objects (1 day: V = 132, pHolm < .01, 7 days: 
V = 136.5, pHolm < .01). However, there is no difference in the 
proportions of objects sorted to their unrelated room between 
task-relevant and task-irrelevant objects (1 day: V = 189, 
pHolm = 1, 7 days: V = 230, pHolm = 1.000). In a next step, we 
analysed the semantic bias separately for task-relevant and 
-irrelevant objects using two-sided paired Wilcoxon signed 
rank test to test for differences between the proportions of 
semantic sorting (i.e., semantic construction) and the propor-
tions of unrelated sorting (guesswork/chance level). On both 
retrieval delays, task-irrelevant objects were significantly 
more likely sorted into the room that matched their semantic 
category than into the unrelated room (1 day: V = 739.5, 
pHolm < 0.001; 7 days: V = 774, pHolm < .001). For task-rele-
vant objects however, the effect was only present 7 days 
(V = 352.5, pHolm < .05), but not 1 day after encoding 
(V = 342.5, pHolm = .173). All results are included in Figure 5.

Semantic construction in temporal recall

We analysed whether there was a difference in the recalled 
temporal proximity between object-pairs semantically 
belonging to the same room or to different rooms. To this 
end, we estimated a temporal semantic clustering score by 
calculating the difference value between the averaged tem-
poral distance of object-pairs semantically belonging to 
different rooms and the averaged temporal distance of 
object-pairs belonging to the same semantic room-cate-
gory (see Figure 6), for both, the recalled temporal order 
and encoded temporal order. The paired two-sided t-test 
comparing the two scores indicated that the recalled 
semantic clustering was higher than the encoded semantic 
clustering 1 week, t(47) = 2.805, pHolm < .05, but not 1 day 
after encoding, t(43) = 1.238, pHolm = 0.223. Thus, in the 
temporal recall 1 week after encoding, the order of the 
tasks from objects belonging to the same semantic room-
category was remembered to be temporally clustered 
together, compared with the encoded temporal order.

Replication study

Method and material

To strengthen our results, we conducted a replication study, 
which only included a subset of the tasks from the main 
study. This replication study aimed to replicate the previous 
results with the EVE task during encoding and the spatial 
recall task during retrieval 1 day after encoding. Thereby, 
we excluded any influences on the retrieval from the PVT or 

the other retrieval measures applied in the main study. We 
conducted data collection during a bachelors’ degree semi-
nar. We initially tested 52 participants to mirror the previous 
data collection. However, eight participants had to be 
excluded due to technical failure or non-compliance.

Participants first underwent the EVE task, which was 
improved by balancing task-relevant and task-irrelevant 
objects (i.e., each participants encountered a different sub-
set of half of all 24 objects as task-relevant, still perform-
ing four tasks per room, two of which were congruent 
objects and two incongruent ones). One day after encod-
ing, participants underwent an online version of the spatial 
recall task at home on a computer or laptop, in which they 
dragged and dropped every object to the place they remem-
ber to have encountered it. Online-recall was conducted 
using the jsPsych (de Leeuw, 2015) implementing plat-
form cognition.run. For the purpose of the seminar, an 
additional group manipulation was included (half of the 
participants received a written, positive feedback after the 
fulfilment of each task, i.e., “Wow.”), and additional ques-
tionnaires were presented to the participants. The data 
were prepared similarly to the main study, using the Python 
implementation in Spyder. Using linear mixed models, we 
first analysed whether object characteristics as congruence 
and task-relevance predicted the drop-error. We confirmed 
clustering in the data and setting participants, but not 
objects, as random factors improved the model fit 
(ICC = .04). In a second step, we estimated the rooms in 
which objects were placed. Similar to the main study, 
including only incongruently encountered items, we then 
calculated the proportions of incongruent objects dropped 
in the correct/episodic room, semantically related room or 
wrong room for every participant. We statistically ana-
lysed whether objects were more likely placed in the 
semantically fitting room rather than in the wrong, unre-
lated room in cases of incorrect memory using paired, two-
sided Wilcoxon signed rank sum tests.

Results

Replicating the results from the larger study, we found a 
significant main effect for congruence and task-rele-
vance predicting the drop-error. Congruent objects were 
placed significantly closer to their original position than 
incongruent objects, F (1, 958.53) = 169.654, p < .001, 
and task-relevant objects were placed significantly 
closer to their original position than task-irrelevantt 
objects, F (1, 958.52) = 119.022, p < .001. Furthermore, 
we found a significant interaction between congruence 
and task-relevance, F (1, 958.48) = 36.658, p < .001. The 
results match the results from the old study, as post hoc 
comparisons also revealed better memory for congruent 
than incongruent objects among the task-relevant 
objects, t (959) = −4.941, pTukey < .001, and task-irrele-
vant objects, t (959) = −13.463, pTukey < .001. Again, the 
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difference in drop-error between congruent and incon-
gruent objects is higher for task-irrelevant than task-rel-
evant objects. The results are depicted in Figure 7a.

We could additionally replicate the findings regarding 
semantic construction. In the case of episodic memory 
failure, that is, when participants failed to recall the correct 
room in which they actually encountered the object, we 
found that 1 day after encoding, task-irrelevant objects 
were more likely placed in the semantically fitting room 
rather than in the wrong, unrelated room (V = 750.5, 
pHolm < .001). This was not true for task-relevant objects 
(V = 193, pHolm = .809). Relatedly, the proportion of objects 
sorted to the semantically fitting room was significantly 
higher for task-irrelevant objects as compared with task-
relevant objects (V = 22.5, pHolm < .001). There was no 
such difference for the proportions of objects sorted to the 
unrelated room (V = 126.5, pHolm = .809). The results are 
depicted in Figure 7b.

Discussion

The main goal of the current study was to experimentally 
test the hypothesis that semantic information enriches epi-
sodic memory retrieval by developing an ecologically 
valid virtual navigation task. By placing a subset of objects 
at incongruent spatial locations, we were able to create 
conflicts between episodic memory and semantic expecta-
tions. We found that congruence and task-relevance 
increased the likelihood to correctly recall an object. If 
participants correctly recognised an object they had 
encountered in the virtual flat, but placed it in an incorrect 
room, we observed that they recalled an object’s location 
significantly more often based on semantic expectations 
(semantic construction) rather than guessing. The effect 
occurred during both retrieval delays and was significantly 
more pronounced for task-irrelevant objects. This indi-
cates that the likelihood of semantic construction is higher 
in cases of weak episodic memory traces and supports the 
predictions of the SCM (Cheng et al., 2016). As expected, 
recall accuracy of episodic memory was high whenever 
there was a semantic match between the actual location 
and the object’s typical semantic location.

Our overall finding that memory performance was sub-
stantially influenced by semantic information, both in our 
spatial and in our temporal recall measures, is in line with 
previous research. Koutstaal and Schacter (1997) showed, 
for example, that the false recognition of lures was more 
likely if lures were from the same category as previously 
studied exemplars than if they were from a different cate-
gory. The same was shown by the classic studies of Bartlett 
(1932), who reported that memory recall of stories was 
influenced by expectations and cultural background. 
Recently, Sipe and Pathman (2020) had children perform 
location-congruent or location-incongruent tasks in differ-
ent physical buildings. Not only was the memory accuracy 

for congruent tasks higher, they also showed that in the 
case of memory error, a recall of the location of the task 
according to its semantically fitting category instead of the 
actual location was higher than chance, which is consistent 
with our findings. For their experiment, the authors modi-
fied a real-world, local museum, so that children could 
physically walk around for encoding. The fact that we 
found comparable results in our design illustrates that the 
improvement in economic aspects by using a VR is not at 
the cost of ecological validity.

The influence of semantic information on memory has 
been widely discussed and could happen during encoding 
and during retrieval. For example, Tulving (2001) pro-
posed in his serial parallel independent (SPI) model that 
during encoding, information is processed in interdepend-
ent stages, that is, first by the perceptual system, then by 
the semantic system, and finally by the episodic system.

Semantic information could, however, also directly 
influence memory retrieval, as suggested by Cheng and 
colleagues (2016) in their SCM and, in principle, also 
implied by Anderson (1983), who proposed that memory 
is stored as an interconnected network of units of informa-
tion, and that during retrieval, not single bits of informa-
tion but whole networks are retrieved. Thus, recalling a 
past episode is likely accompanied by the activation of 
related memory traces, which leads to semantic construc-
tion, when needed episodic information is missing, as we 
showed with our paradigm. On a functional level, Cheng 
et al. (2016) argued that the reason for the high chance of 
memory failure along with semantic construction may be 
that it “enables a flexible simulation of future situations” 
rather than to faithfully recreate one’s past. Indeed, we 
could show that semantic construction was higher for task-
irrelevant objects, which are presumably less important for 
future situations.

As we made half of the objects task-relevant. we made 
sure participants attended at least half of the objects, while 
the other half was encountered passively. The resulting 
behavioural patterns in our paradigm match the principles 
of the (virtual) enactment effect, which states that actively 
performed events are better recalled than passively 
observed actions (Cohen, 1989; Tuena et  al., 2019; 
Williams et al., 2005). Accordingly, task-relevant objects 
were better remembered than task-irrelevant objects in our 
study.

In our study, we found that congruent objects had a con-
sistently higher chance of being recalled (correctly). This 
effect has been found in previous studies as well (Hall & 
Geis, 1980; Marks et al., 1992; van Kesteren et al., 2019). 
van Kesteren et  al. (2012) argued that if a (semantic) 
schema is activated by exposure to a known context, it can 
on one hand activate schema-driven attention processes 
and at the same time facilitate the organisation of new 
information. Our finding that the likelihood of memory 
recall was highest when episodic and semantic information 
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matched (for congruent object—location combinations) is 
in line with this idea. Gronau et al. (2008) found that the 
recognition of objects already benefits from contextual 
associations. In a later published review, they argued that 
both semantic relation and the task-relevance of an object 
influence attentional processes and thus explain differences 
in perception and accordingly in memory (Gronau, 2021). 
Many studies regarding the congruence effect tested mem-
ory performance for verbal material, whereas in our study 
we investigated memory in a virtual environment with nat-
uralistic 3D objects. Thus, we replicated the congruence 
effect in an incidental learning setting.

Nevertheless, using common household objects placed 
at odds could also have had an opposing effect on object 

memory: unexpected, surprising object locations could 
have been more noticeable and thus more easily recalled, 
as also reported in previous studies (Kormi-Nouri et  al., 
2005; Küppers & Bayen, 2014). Prior to conducting this 
study, we acknowledged that based on the current litera-
ture, incongruent objects could possibly be remembered 
worse (due to the congruence effect) or better (because of 
unexpectedness), compared with congruent objects. The 
significant interaction between congruence and task-rele-
vance as predictors for spatial memory reflects that the 
congruence effect is less pronounced when participants 
actively attended an incongruent object, by interacting 
with it (see Figure 5b). Accordingly, we found that the 
time participants have spent searching for incongruent 

Figure 7.  Findings from the replication study. (a) Model estimates and standard errors from the linear mixed model, predicting the 
distance from the dropped position to the correct position (drop-error) with task-relevance and congruence. (b) Results from the 
semantic construction analyses including only incongruent objects.
The box-plots show the median, the first and third quartiles (represented by the box), the minimum and maximum (represented by the whiskers), 
and outliers (data points which are smaller or larger than 1.5 times the interquartile range). In the case of episodic memory failure, task-irrelevant 
objects were more likely placed to the semantically fitting room, rather than to the unrelated room. This was not the case for task-relevant objects. 
Proportions of episodic sortings were not included in statistical analyses and are marked as shaded.
***p < .001.
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objects exceeded the search-time for congruent objects by 
almost 10 s. In our environment, half of the objects 
appeared incongruently, so that each encountering may 
have entailed a smaller prediction error. Consequently, the 
further absence of the effect of surprise (and the enhanced 
recall of congruent object locations) may be due to the 
high number of incongruent objects, making each addi-
tional incongruent encountering with an object less sur-
prising. Finally, we used surprising, but logically possible 
object placements—all objects were transportable and thus 
relocatable.

One additional manipulation in our study design 
regarded the effect of retrieval delay. We speculated that 
over time, episodic memory accuracy might decrease, 
while the influence of semantic information on memory 
retrieval might increase accordingly. This assumption was 
based on previous findings indicating that the likelihood of 
episodic memory failure increases over time (Mitchell 
et  al., 1990; Stafford et  al., 1987; Sun et  al., 2018). 
However, we did not consistently find this effect in our 
analyses. The retrieval delays had neither an effect on spa-
tial memory accuracy nor on the semantic bias. One reason 
for this lack of effects of delay is a first limitation we iden-
tified in the repeated-measures task design we used: The 
first recall session included (1) a PVT, in which all encoun-
tered objects were presented multiple times and (2) a spa-
tial recall task, where subjects were asked to sort all 
encountered objects to their remembered position. There is 
experimental evidence that a reencountering of objects 
leads to a re-encoding and potentially to reconsolidation 
(Bjork, 1975; Forcato et  al., 2014; Roediger & Payne, 
1982). Also, memory recall in a testing situation such as in 
a laboratory setting has been identified as a learning expe-
rience of itself, which is known as the “testing effect” 
(Toppino & Cohen, 2009). The first recall session our par-
ticipants underwent hence likely influenced the second 
recall 1 week later, in which we cannot solely relate mem-
ory recall to the initially encoded episode. The usage of a 
between-subject design would be more suitable in this 
case. Nevertheless, the first recall session did not include 
any feedback on the room-sorting, spatial recall, or tempo-
ral order, so that the effects over time can cautiously be 
interpreted. van Kesteren et al. (2013), for example, inves-
tigated the superiority of memory for congruently pre-
sented items versus incongruently presented items over 
time. They found that for recognition memory, the congru-
ence-effect was only present after a consolidation period, 
but not after immediate recall. Interestingly, the memory 
for congruent items was then more stable over time as 
compared with incongruent items. We could not replicate 
this finding in our data but believe that this might be due to 
the usage of a within-subject design. Future studies should 
investigate in more detail the development of the congru-
ence-effect over time.

When recalling the order of the tasks we found a tempo-
ral clustering of object-pairs belonging to the same 

semantic category in the temporal recall compared with 
object-pairs belonging to different semantic categories. 
Importantly, this effect was only present 1 week, but not 1 
day after encoding. Prior studies using word-list learning 
already showed semantic clustering in temporal, free recall 
tasks (Bousfield, 1953; Manning & Kahana, 2012). Our 
results extend these findings, as we could show influences 
of semantic information even on the explicit reconstruc-
tion of the temporal order of tasks from a realistic encod-
ing situation in a cued recall setting.

After using a first-person perspective during encoding, 
we used a shift in perspective during retrieval of the spatial 
recall, as the flat was presented from a birds’-eye perspec-
tive. A shift in perspective from encoding to retrieval could 
result in impaired accuracy of memories (Marcotti & St 
Jacques, 2018). Nevertheless, we argue that the investiga-
tion of scenario construction is not hindered in principle by 
this shift in perspective. The current design could, how-
ever, be further developed by controlling for a consistent 
perspective during encoding and retrieval.

Our results support the notion that remembering a past 
event requires interplay of the episodic memory traces 
and semantic information, and does not rely solely on 
actually encoded information, as originally suggested by 
Tulving and Donaldson (1972). The present study thus 
provides a behavioural support for the SCM, which pro-
poses that during recall, only the gist of the memory is 
retrieved, and missing details are constructed from seman-
tic information. The usage of a VR has proven to be ben-
eficial for the investigation of scenario construction to 
experimentally differentiate between episodic memory 
traces and semantic information by being able to selec-
tively violate expectations and hence create conflict 
between the two memory systems. The design is very fea-
sible, as it can be easily adapted for different settings. In 
addition, the data presented in this study were success-
fully modelled by Fayyaz et al. (2022), thus contributing 
to a bigger understanding of underlying processes. The 
application of our design combined with neuroimaging 
techniques will provide further insights into the neural 
correlates of scenario construction.
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