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Abstract
Authenticity in simulation-based learning is linked to cognitive processes implicated in 
learning. However, evidence on authenticity across formats is insufficient. We compared 
three case-based settings and investigated the effect of discontinuity in simulation on per-
ceived authenticity.  In a quasi-experiment, we compared formats of simulation in the con-
text of medical education. All formats simulated anamnestic interviews with varying inter-
actant and task representations using highly comparable designs. Interactants (patients) 
were simulated by (a) live actors (standardized patients), (b) live fellow students (role-
plays), or (c) question menus and videoclips (virtual patients). The continuity of simula-
tions varied. We measured perceived authenticity with three subscales: Realness, Involve-
ment, and Spatial Presence. We employed confirmatory factor analysis (CFA) to assess 
measurement invariance across settings and analysis of variance on authenticity ratings to 
compare the effects of setting and discontinuous simulation. CFA supported the assump-
tion of invariance. Settings differed in Realness and Spatial Presence but not Involvement. 
Discontinuous simulations yielded significantly lower ratings of authenticity than con-
tinuous simulations. The compared simulation modalities offer different advantages with 
respect to their perceived authenticity profiles. Lower levels of interactivity and reduced 
subtask representation do not necessarily lead to lower ratings of perceived authenticity. 
Spatial Presence can be as high for media-based simulation as for roleplays. Discontinua-
tion of simulations by offering scaffolding impairs perceived authenticity. Scaffolds may be 
designed to avoid discontinuation of simulation to uphold perceived authenticity.

Keywords  Simulation-based learning · Authenticity · Standardized patients · Virtual 
patients · Roleplay · Scaffolding

Simulation-based learning has been shown to facilitate complex skill development in 
higher education (Chernikova et  al., 2020) and is an established practice in the fields of 
science, technology, engineering, and mathematics (STEM) (d’Angelo et  al., 2014) and 
medicine (Cook et  al., 2013; Hegland et  al., 2017). Simulations represent aspects of the 
real world in an interactive manner that allows learners to be immersed in the learning 
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environment (Gaba, 2004; Jeffries, 2012). Simulations represent relevant aspects of real-
life problems and professional practice (Grossman, 2021), offer opportunities for decision- 
and action-based learning (Kaufman & Ireland, 2016), and become indispensable when 
stakes are high and training becomes unethical in real-life situations (Friedrich, 2002; Salas 
et al., 2009). Balancing the authenticity of simulations with other processes implicated in 
learning poses a challenge for their design (Codreanu et al., 2020; Stadler et al., 2021). In 
this study, we aim to compare three formats of simulation in medical education associ-
ated with varying design characteristics. We derive predictions for perceived authenticity 
in three forms of educational simulations in the context of medical education and com-
pare these forms across different facets of perceived authenticity. Moreover, we investi-
gate the effect of discontinuous simulation through intermittent scaffolding on perceived 
authenticity.

Representational reduction in simulation‑based learning

Simulation is an active educational method that consists of replacing real experiences with 
guided experiences that replicate aspects of the real world in an interactive manner (Gaba, 
2004). As simulations model real-life situations, they are reductive in nature, thus offering 
potential benefits of lowering complexity on the basis of pragmatism (Stachowiak, 1973).

In this latter context, correspondence between the model (simulation) and target system 
(real-life situation) involves which aspects are represented (and how), along with the result-
ing detail or granularity of the model (Maier et al., 2017). Detail is not a value per se, as 
adding more detail to a model does not necessarily result in a higher quality of that model: 
“As a model grows more realistic, it also becomes just as difficult to understand as the real-
world processes it represents” (Dutton & Starbuck, 1971). By leaving out some aspects, the 
ones represented become more prominent, thus facilitating their processing or handling. 
This provides opportunities to target learners’ experience by simulation design to facilitate 
knowledge or skill acquisition.

Cognitive architecture poses limits and implicates effective design choices

The availability of cognitive resources is limited (Peterson & Peterson, 1959; Miller, 1956) 
and more so in novel environments, as representation in working memory depends on prior 
knowledge (Ericsson & Kintsch, 1995; Kirschner et al., 2006). This point has been used 
to argue for direct instructional guidance and against minimal guidance approaches like 
discovery-based learning (Kirschner et al., 2006).

Independent of instructional guidance, representational reduction may be seen as 
another way to respond to limited resources: Learners may benefit from representational 
reduction by allocating attentional resources to the remaining aspects, thus enhancing 
cognitive processing via perceptual organization and incorporating information into men-
tal representations as a basis for learning to complement direct instructional support. This 
may include reductions in sensory stimuli to facilitate perceptual organization and object 
recognition, in represented objects competing for attentional allocation, in professionally 
relevant or non-relevant subtasks, and in a complex decision space. Task complexity has 
been shown to complicate memory retrieval (Anderson et al., 1996). Reductive design may 
thus systematically increase the potential for mastery by making the simulated environment 
manageable, keeping learners in their zone of proximal development (Vygotsky, 1978), 
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providing meaning to success and failure, and accounting for motivational factors. The 
benefits of reduction may depend on learners’ characteristics, including their knowledge 
and prior experience with the simulated context. Simulation can thus provide inexperi-
enced learners with opportunities to practice for challenging professional situations (Groot 
et al., 2020). Positive effects of reducing complexity have been demonstrated in simulation-
based learning (Chernikova et al., 2020).

Simulation is based on an active and ongoing process of mental 
construction in the learner

A participant’s experience relies on an active and ongoing process of constructing and 
maintaining mental representations on the basis of provided stimuli. These stimuli may 
be consistent with or may conflict with participants’ mental representations of the simu-
lated situation, either facilitating or complicating consistent mental representations. We 
conceptualize simulations as experienced-based processes that are based on the settings’ 
facilitation of learners’ ongoing mental representations of target situations. Educational 
simulation involves modeling a relevant complex target situation via selective represen-
tation in a way designed to facilitate perceptual processing, attentional allocation, action 
selection, and transferable knowledge formation. In accordance with previous conceptions, 
simulations can be technically supported or unsupported (Chernikova et al., 2020; Davids-
son & Verhagen, 2017; Heitzmann et al., 2019).

Thus, representational reduction can be seen as an elementary potential benefit of simu-
lation, to provide learning opportunities in response to constraints of processing inherent 
to our cognitive architecture, but may compromise the alignment of the model and target 
situation.

Fidelity and authenticity in simulation‑based learning

The quality of simulations or simulators in representing the real world is usually referred 
to as fidelity. Earlier, fidelity was usually assessed on the basis of a simulation’s technol-
ogy or physical resemblance to the modeled situation, but this approach was criticized for 
its overemphasis on engineering attributes and based on a lack of implications for learn-
ing (Bland et  al., 2014). Hamstra et  al. (2014) suggested prioritizing concepts of func-
tional task alignment (i.e., replication of the demands of a real clinical task) over physical 
resemblance and avoiding the term fidelity. Instead, the term authenticity was suggested 
to describe the fidelity experienced by the learner (Lavoie et  al., 2020). Authenticity is 
often considered conceptually distinct from fidelity and is framed on the basis of experi-
ence in a simulation: Authenticity has been referred to as learners’ interpretation of the 
veracity of a situation in which they interact with a context, other learners, and a simulator 
(Bland et al., 2014). Learners’ judgments of what is credible vary and depend at least par-
tially on prior experience. Increased fidelity might thus not necessarily result in increased 
authenticity, and low-fidelity simulations may feel authentic (Bland et al., 2014; Grossman 
et al., 2015). Chernikova et al.’s (2020) meta-analysis on simulation-based learning found 
stronger effects on learning for increasing degrees of authenticity when assessing the focus 
and scope of correspondence between simulations and real-life situations.
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We take perceived authenticity to indicate experience that involves representational 
reductions in alignment with learners’ expectations of the target situation’s relevant 
aspects and the aptness of the setting to evoke and facilitate mental representations of the 
simulated environment, such that the learner feels present and engaged in this environment.

The implication is that perceived authenticity is potentially compromised by conditions 
that compromise perceived alignment and compromise allocation of attention to the simu-
lated environment or stimuli that are inconsistent with mental representations of the simu-
lated environment.

As a form of experience-based learning, simulation provides opportunities for the for-
mation of episodic memory. The theory on episodic memory formation and retrieval states 
that memories can be retrieved through mental search or by cue-prompted automatic acti-
vation in recall and that internal and external retrieval cues present at the time of recall 
determine the accessibility of memory engrams (Frankland et al., 2019; Tulving & Pearl-
stone, 1966). Different authors have proposed its directive function on future action which 
includes tasks like problem-solving and decision-making (Bar, 2009; Pillemer, 2003). 
When the cues of the recall environment resemble those in the learning environment, this 
facilitates memory activation and recall (Godden & Baddeley, 1975; Tulving & Thomson, 
1973). We consider this relevant in the context of simulation-based learning and authentic-
ity, because the simulation’s alignment with the future target situation affects the encod-
ing and retrieval of long-term memory. In addition to providing opportunities to practice 
relevant skills, design may target optimization for later retrieval and guidance of action. 
Perceived authenticity might thus to a certain extent reflect a factor important for the for-
mation of transferable memory.

Perceived authenticity as a multidimensional construct

A factor-analytic study (Schubert et al., 2001) originally designed to distinguish the con-
stituents of the experience of presence suggested three elements of perceived authentic-
ity: Realness, Involvement, and Spatial Presence. Involvement and Spatial Presence were 
identified as two separate factors of the experience of presence. Additionally, the authors 
found a third subjective factor: judgments of Realness. Lessiter et al. (2001) found three 
corresponding factors as separate constituents of participants’ experiences in interactive or 
non-interactive simulations.

Realness describes the degree to which a person believes that a situation and its char-
acteristics resemble a real-life context (Schubert et  al., 2001). Involvement, on the other 
hand, is defined as a feeling of cognitive immersion and the judgment that a situation has 
personal relevance (Hofer, 2016). In contrast to cognitive immersion, Spatial Presence 
denotes the feeling of physical immersion in a situation. Separating these constructs has 
implications for the assessment and design of simulation-based learning. The authors of 
the study inferred the question of which characteristics of a given simulation environment 
affect which factors of participants’ experiences and judgments (Schubert et  al., 2001). 
Schubert et al. (2000) reported that providing both real and illusory ways to interact with a 
virtual environment through bodily movement enhances Spatial Presence but only margin-
ally enhances Involvement and Realness.

Perceived opportunities for action increase the sense of being physically immersed in a 
simulated situation (Schubert et al., 2000). Thus, the connections that learners’ experience 
in simulations reflect the simulations’ aptness for suggesting action opportunities and may 
offer a way to measure learners’ mental representations of simulated environments in terms 
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of action orientation. As such, these connections provide benefits for transferable memory 
formation to provide orientation in the target situation.

Formats of simulation‑based learning

Simulation-based learning comprises formats with varying characteristics as a common 
part of medical curricula, where simulation-based learning is well established (Cook et al., 
2013): standardized patients (SPs), roleplays (RPs), and virtual patients (VPs). SPs are 
actors or volunteers trained to act as if they are displaying symptoms of a disease (Vu & 
Barrows, 1994). Such displays may include non-symptom-based human behavior to teach 
students how to avoid common communication fallacies. RPs are used in small or larger 
groups where students usually prepare for their part with a script (Joyner & Young, 2006) 
and play the role of doctor, patient, or observer. Although the distinction between an active 
(doctor, patient) and a passive (observer) role has been made, observers are engaged and 
benefit from actively assessing the situation, especially by means of instructional support, 
such as an observational script or protocol (Stegmann et al., 2012). Hence, we suggest the 
terms interactive (doctor, patient) and observational.

A study on second-year medical students reported that students found SP feedback to be 
more instructive, whereas the interaction itself was judged to be more engaging due to its 
heightened emotional intensity (Taylor et al., 2019).

On the other hand, RPs require less organizational or financial effort (Taylor et al., 2019; 
Weller et al., 2012), and only RPs promote the change in perspective and empathy (Bosse 
et al., 2012).

The term VP has been used to denote different forms of simulations, including human 
SPs, high-fidelity manikins, and virtual SPs, with the term virtual being used to describe 
the simulative aspect (Kononowicz et  al., 2015). In our context, we define VPs as com-
puter-based simulations in which the representing model can be manipulated by the par-
ticipant (de Jong, 2010; Berman et  al., 2016) with varying means of patient representa-
tion (avatars, videos of SPs) and degrees of interaction (Kononowicz et al., 2015; Villaume 
et al., 2006). Production costs may be high (Heitzmann et al., 2019), but the method’s scal-
ability and permanence may offset the expenditure (Cook & Triola, 2009; Jennebach et al., 
2022). Moreover, VPs offer the advantage of a possible maximally standardized case pres-
entation (Berman et al., 2016). A recent study compared the effect of RPs and web-based 
task simulations on knowledge gain and found a benefit of RPs but not of web-based task 
simulations (McAlpin et al., 2023) and concluded that RPs may be a better environment for 
practicing the integration of complex skills.

SPs, RPs, and VPs entail different characteristics potentially implicated in perceived 
authenticity

SP-based simulations include an increased opportunity for action as well as detailed and 
highly aligned representations of the interactant (the patient): trained impersonation offer-
ing coherent behavior, including situation-specific behavior, emotional displays, and high 
responsiveness to participants’ actions. Additionally, SPs can represent the profession-
ally relevant subtasks needed to obtain relevant information from the patient: free recall, 
choice, effective phrasing of questions, and flexible communication. Moreover, they offer 
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continuous simulation of the target situation. Correspondingly, previous research has 
reported high authenticity for SPs (Barrows, 1993).

Similar to SPs, RPs offer similar opportunities for action, model professional and situa-
tion-specific task requirements, and a continuous experience while arguably offering a less 
believable and coherent object representation (patient) on average for the learner taking 
part as a doctor, potentially reducing perceived authenticity. Concerning the representation 
of humans in particular, observing the actions of others may include action simulation and 
prediction (Brass et al., 2000; Burke et al., 2010; Graf et al., 2007; Wilson & Knoblich, 
2005), error monitoring, and the prediction of higher cognition (Schuch & Tipper, 2007; 
van Schie et al., 2004) as well as covert mimicking of emotion (Hatfield et al., 1993). As 
other cognitive and affective states are part of people’s representation (Apperly et al., 2009; 
Premack & Woodruff, 1978; Schlaffke et al., 2015), inconsistent behavioral display includ-
ing emotion may interfere with participants’ prediction and provide conflicting stimuli.

VPs usually offer less opportunity for action or interactivity, including reduced sub-
task representation, such as preselection of anamnestic questions, no direct relationship 
between the learner and patient in space, and discontinuous interactant representation, but 
in contrast to RPs, may offer a more believable representation of this interactant during its 
overt presentation (patient videoclips). In contrast to RPs and SPs, VPs also limit the focus 
on a selection of the space containing the patient, which might offer an advantage if the 
space of the live simulation setting does not closely resemble the environment of the target 
situation.

In terms of situation-, task-, and interactant-specific representation and immersive char-
acteristics, constraints and opportunities differ across these three forms of simulations. A 
selective summary of these differences can be found in Table 1. Given these differences in 
opportunities to simulate relevant aspects of clinical tasks, their differences in interactivity, 
and their representation of the object of interaction (patient), these settings are expected to 
vary in their ability to induce the experience of authenticity. Although the role of learners’ 
experience in the simulation has been shown to be relevant for learning processes, compar-
isons of these forms of simulation are lacking. Potential variations in VP design are prac-
tically limitless, yet few studies have rigorously explored design issues (Cook & Triola, 
2009). Direct comparisons of perceived authenticity between SPs, RPs, and VPs as three 
different forms of simulation are lacking. However, such comparisons provide insights for 
medical curricula designers who need to orchestrate available possibilities to provide learn-
ing opportunities that approximate professional practice (Grossman et al., 2009), thus pre-
paring learners for situations they are likely to encounter in their professional practices 
(Berman et al., 2016).

Mental representation, conflicting stimuli, and effects of scaffolding

Representational reduction in simulations can be complemented by additionally enhancing 
salience or more explicit instructional guidance (e.g., prompting). Incorporating a way to 
facilitate learning into a simulation may aid learners’ knowledge or competence acquisition 
(Heitzmann et al., 2019) but may reduce the correspondence between a simulation and the 
modeled target situation and affect judgment of Realness.

According to Schubert et  al. (2001), inconsistent stimuli warrant suppression for the 
maintenance of coherent mental representation of the situational experience. Temporary 
structured support (scaffolding, Wood et  al., 1976) may entail stimuli conflicting with 
learners’ representation.
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Scaffolding is often associated with discontinuous cuing of simulated environments. 
When it is associated with pausing the simulation of an ongoing process—while not being 
perceived as a property of the simulated target environment itself—the resulting situation 
can be interpreted as being in conflict with the mental representation of a target situation, 
hindering the experience of actually being in that situation. Interruptions by stimuli or sub-
tasks that are inconsistent with the simulation of the target situation may thus require men-
tal reconstruction and stimulus suppression and might reduce learners’ perceived authen-
ticity. However, research investigating this connection in our context is sparse.

Study aims, research questions, and hypotheses

We aimed to compare perceived authenticity across (a) three forms of simulation with 
varying characteristics in higher education, SPs, RPs, and VPs, and (b) conditions of 
continuous and discontinuous simulations for its implications for simulation design and 
scaffolding.

Representational variation across simulation settings in medical education—
perceived authenticity profiles across SPs, RPs, and VPs

The three common settings of SPs, RPs, and VPs vary in characteristics that potentially 
contribute to perceived authenticity as described above, suggesting differences in authen-
ticity ratings on the subscale level. As SPs may offer high alignment (concerning task and 
interactant), action opportunities, interactivity, and continuous simulation, we expected 
perceived authenticity to be high on all subscales and Realness to be highest for SPs. We 
expected a difference in Realness between RPs and VPs. The direction of this difference 
may depend on whether Realness judgments depend more on simulated patients’ features 
(e.g., emotional displays, situation-specific behavior) that are represented in the VP vid-
eoclips or on subtask representation, which is higher for RPs than for VPs. We further 
expected spatial presence to be higher in RPs than VPs, as the live setting of RPs involves 
more choices for taking action and a direct physical relationship with the simulated patient 
and movement in space. On the other hand, VPs may be better able to facilitate the con-
struction of a mental representation that entails a professional setting. Here, mental rep-
resentations are based on cues provided through virtual stimuli that are distinct from the 
actual setting and thus may be associated with less conflicting stimuli about the actual 
location of a participant.

Thus, we hypothesized:

H1.0: Perceived authenticity (i.e., Realness, Involvement, and Spatial Presence) will dif-
fer across simulation settings (i.e., SPs, RPs, VPs).
H1.1: Realness, Involvement, and Spatial Presence will differ unequally across SPs, 
RPs, and VPs.
H1.2: Realness will be highest for SPs.
H1.3: Realness will differ between VPs and RPs.
H1.4: Spatial Presence will be higher for SPs than for VPs.
H1.5: Spatial Presence will differ between VPs and RPs.
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Continuity of simulation—the effect of discontinuous simulation 
through scaffolding

We suggest that scaffolding could affect the experience of being present in the modeled 
situation by presenting stimuli that conflict with learners’ representations, thus warrant-
ing suppression so that learners can maintain coherent mental representations of their 
situational experience.

We propose that intermittent scaffolding through the induction of reflection should 
effectively result in a discontinuous experience of the simulated interview and the need 
for reallocation of attentional resources and reconstruction of the simulated environ-
ment, thus affecting spatial presence. Moreover, the prompting of reflection might not 
be considered to align with situational properties (i.e., participants might not conceive 
of the task as being part of the task in the target situation), thus affecting ratings of 
Realness. We hypothesized:

H2.0: Perceived authenticity will be lower in conditions of discontinuous simulation 
than in conditions of continuous simulation.
H2.1: Specifically, there will be a decrease in authenticity ratings for discontinuous 
simulation in terms of Spatial Presence.

Methods

Participants

The sample consisted of 568 participants who took part in one of three settings simulat-
ing an anamnestic interview situation, 499 of whom had complete information, includ-
ing role and scaffolding condition: SP simulation (n = 81), RP simulation (n = 298; doc-
tor = 96, patient = 101, observer = 101), or the VP simulation (n = 120). All participants 
were German medical students at LMU Munich in years 3–6 of a 6-year program. Good 
command of German was a prerequisite for participation. Participation in the study was 
voluntary, and students received course credit or monetary compensation for participat-
ing. All participants were over 18 years of age, and all gave informed consent.

Procedure and materials

Data were collected in the context of three original experimental studies, each exam-
ining diagnostic accuracy and potentially supportive interventions through scaffolding 
in one of three simulation-based learning scenarios (case-based learning) from 2018 
to 2022. Hence, participants’ distribution across studies—and thus setting—was quasi-
experimental, while their allocation to conditions within each study was randomized.

Setting A (SPs)  Patients were portrayed by trained actors, selected in accordance with the 
patient-case characteristics, and coached by a physician in separate sessions. They were 
instructed to abstain from introducing medical information other than what was provided. 
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In a live one-on-one setting, participants conducted a free interview within a given time 
frame. Details can be found in (Fink et al., 2021a).

Setting B (RPs)  In a triadic live setting, fellow students entered together and were then ran-
domly assigned participatory roles (doctor, patient, observer). Patients were thus portrayed 
by fellow students, who received information directly before the simulation. They were 
told that acting was not necessary and the focus was on correctly delivering the provided 
medical information. Some information was organized into more general information for 
answering loosely formulated questions and details to be delivered only when a question 
directly targeting these specific details was asked. They were instructed to provide only the 
given information, and when they lacked the answer to a posed question, to indicate the 
missing information by responding with choices such as “I don’t know,” “I’m not sure,” 
or “I don’t remember.” Participants then conducted a free anamnestic interview within a 
given time frame. The simulated patient was situated on a bed, usually sitting, in a room 
also containing students’ desks and computers. (Participants in the observer role received a 
concise description and a protocol for observing the performance of the simulated doctor.)

Setting C (VPs)  Anamnestic interviews were simulated via an interactive learning platform 
by means of question menus and a short videoclip prompted for each of the selected anam-
nestic questions. In each videoclip, participants heard a female voice repeating the selected 
question and then the patient answering the question. Patients were portrayed by profes-
sional actors who used scripted answers and were given directions for their nonverbal and 
paraverbal presentation in short videoclips. The camera setting was set to simulate a direct 
face-to-face interaction, filming the actor in medium close-up (MCU) directly looking into 
the camera. Moreover, a clinical setting was simulated (patient in or on a bed) and clearly 
visible in the setting. Anamnestic questions were visually clustered into categories. Videos 
containing the answers of the simulated patients were assessed by clicking on the respec-
tive question. Details can be found in (Fink et al., 2021b).

All studies were approved by the ethics committee of the Medical Faculty of LMU 
Munich. The comparability of simulations across the three settings was designed to be 
maximized. Across all settings, participants were given the same cases of patients present-
ing with dyspnea (case validation in (Fink et al., 2021a)) and asked to deliver a diagnosis 
after a simulated anamnestic interview. All settings contained briefings, including famil-
iarization with content and technical aspects beforehand. All simulated interviews had a 
time limit and lasted 8 to 13  min. In all settings, participants filled out a questionnaire 
on perceived authenticity implemented in the online learning platform CASUS (Instruct, 
2021) after they delivered their diagnosis of the simulated patient. For two (RPs, SPs) of 
the three settings, simulations included experimental variation of scaffolding via induced 
reflection on the diagnostic process (Fink et al., 2021b) adapted from Mamede et al., 2008, 
2012, 2014) that was (a) absent, (b) prompted after the simulation (continuous simulation), 
or (c) implemented halfway through the interview (discontinuous simulation).

Measurement of perceived authenticity

We assessed the perceived authenticity of the experienced simulation in three dimen-
sions with three subscales taken from validated questionnaires (Schubert et  al., 2001; 
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Seidel et al., 2011; Vorderer et al., 2004; Frank & Frank, 2015). All contained 5-point 
Likert-scaled items ranging from 1 (disagree) to 5 (agree):

Realness (3 items): “I consider the history-taking simulation as authentic.”, “The 
simulation of the medical interview seemed like a real professional demand.”, “The 
experience in the history-taking simulation resembled the experience of a real profes-
sional demand.”
Involvement (4 items): “When I participated in history-taking, I focused strongly on 
the situation”. “When I participated in history-taking, I intermittently forgot that I 
was taking part in a study”,“When I participated in history-taking, I was immersed in 
the situation”, “When I participated in history-taking, I was fully engaged.”
Spatial Presence (3 items): “When I participated in history-taking, it seemed to me 
as if I was a real part of the simulated situation.”, “When I participated in history-
taking, I felt like I was physically present in the clinical environment.”, “When I par-
ticipated in history-taking, it seemed to me as if I could affect things - like in a real 
medical interview.”

Presentation of the scales for each of the factors of perceived authenticity occurred 
consecutively. Assessment of internal consistency based on McDonald’s ω indicated 
good internal consistency for each subscale: ω(Realness) = 0.91, ω(Involvement) = 0.82, 
ω(Spatial Presence) = 0.81. As a basis for the ANOVAs, a mean score was calculated for 
each subscale.

Analysis

All analyses were performed with RStudio (RStudio Team, 2022) and JAMOVI Version 
2.3.18 (The Jamovi project, 2022). All post hoc analyses were based on Tukey HSD to 
account for multiple comparisons. Alpha was set to 5% for all analyses.

Measurement invariance of construct across simulation settings

We employed confirmatory factor analysis to assess the measurement invariance of 
our hypothetical construct across the three simulation settings using lavaan (v 0.6.12, 
Rosseel, 2012). Model fit was evaluated with standard model fit indices, such as the 
confirmatory fit index (CFI) and χ2 values. CFI values above 0.90 were considered to 
represent an acceptable fit and values above 0.95 good fit. Root mean square error of 
approximation (RMSEA) was used as a complementary fit index with values below 0.06 
considered to represent a good fit. Measurement models were defined for all three con-
structs (Realness, Involvement, Spatial Presence) with both factor loadings and inter-
cepts constrained to be equivalent across groups, thus testing for scalar invariance of 
the construct across simulation settings. We then compared the resulting fit with that of 
less constrained models (metric model, configural model) with factor loadings and item 
intercepts free to vary for each group to test for a significant increase in fit for the less 
constrained model and therefore the rejection of the scalar invariance assumption.
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Perceived authenticity across settings

To compare authenticity across simulation settings, we employed a repeated-measures 
ANOVA, with perceived authenticity as a within-subjects factor with three levels (Real-
ness, Involvement, and Spatial Presence) and simulation setting as a between-subjects fac-
tor with three levels (SPs, RPs, VPs), the dependent variable being the mean of each sub-
scale. For comparability, observations of RP authenticity ratings were restricted to ratings 
from participants playing the role of the doctor.

Continuous versus discontinuous interview simulation

For the continuity of the simulation construct, we distinguished between conditions (RPs 
and VPs) where the simulated interview was interrupted for another activity (prompted 
reflection, discontinuous) and conditions where the simulation of the interview was unin-
terrupted (prompted reflection either followed the interview or was absent, continuous).

A repeated-measures ANOVA was computed to compare the effect of continuous versus 
discontinuous simulation on authenticity perception on observations of RPs and VPs with 
subscale as a within-subjects factor and continuity and setting as between-subjects factors.

Results

Measurement invariance of constructs across simulation settings

The results of our CFA supported the assumption of invariant construct measurement 
across the three simulation settings. Measurement models with scalar invariance could be 
established for all three scales: The fit of the scalar model was excellent, χ2(124) = 86.00, 
CFI = 1.00, p = 1.000, and the difference from the less constrained metric model was non-
significant (∆χ2 = 21.69, ∆CFI = 0.00, p = 0.085). Hence, the items contributed to their 
respective latent construct to a similar degree across groups, and mean differences in the 
latent construct captured all mean differences in the shared variance of the items. These 
results (see Table 2 for a summary) validated the comparison of relationships and means 
within the constructs between settings. All indicators showed significant loadings on the 
expected constructs. There were substantial latent correlations between Realness and 
Involvement (r = 0.371, p < 0.001), Realness and Spatial Presence (r = 0.883, p < 0.001), 
and Involvement and Spatial Presence (r = 0.420, p < 0.001).

Table 2   Analysis of measurement invariance

CFI comparative fit index, RMSEA root mean square error of approximation

Invariance model χ2 (df) ∆χ2 p CFI ∆CFI RMSEA ∆RMSEA Decision

Configural 46.42 (96) 1.00 0.00 Accepted
Metric    64.31 (110) 17.89 0.212 1.00 0.00 0.00 0.00 Accepted
Scalar     86.00 (124) 21.69 0.085 1.00 0.00 0.00 0.00 Accepted
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Perceived authenticity across settings

A repeated-measures ANOVA was computed to evaluate the effect of setting on perceived 
authenticity. The means and standard deviations for perceived authenticity are presented in 
Fig. 1.

An ANOVA comparing perceived authenticity on the three subscales across settings 
yielded significant main effects and a significant interaction. There was a significant 
medium-sized effect of subscale, F(2, 588) = 56.0, p < 0.001, η2 = 0.048, and a significant 
medium-to-large-sized main effect of setting on authenticity perception, F(2, 297) = 27.2, 
p < 0.001, η2 = 0.10. The interaction between setting and subscale was significant, F(4, 
588) = 23.5, p < 0.001, η2 = 0.04, indicating a small effect of setting on variation in authen-
ticity ratings between subscales. As the interaction was disordinal, we abstained from inter-
preting the main effects. Post hoc pairwise comparisons of perceived authenticity between 
settings with a Tukey HSD adjustment indicated that perceived authenticity ratings in SP 
simulations were significantly higher than in RP simulations (p < 0.001) or VP simula-
tions (p < 0.001). There was no significant difference in ratings of perceived authenticity 
between VP simulations and RP simulations (p = 0.095).

Post hoc pairwise comparisons of perceived authenticity between the subscales Real-
ness, Involvement, and Spatial Presence with a Tukey HSD adjustment indicated that per-
ceived authenticity ratings in SP simulations differed significantly between the three meas-
ures (all ps < 0.001).

Realness was highest for SPs and lowest for RPs. The differences between each of the 
settings were significant: SPs versus RPs (p < 0.001), SPs versus VPs (p = 0.006), RPs ver-
sus VPs (p < 0.001).

None of the settings differ significantly in Involvement.

Fig. 1    Setting profiles in terms of Realness, Involvement, and Spatial Presence. Note. RPs included only 
participants who played the role of doctor
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Spatial Presence was significantly higher for SPs than RPs (p < 0.001) or VPs 
(p < 0.001). Ratings of perceived authenticity on RP and VP simulations did not differ sig-
nificantly (p = 1.000).

Continuous versus discontinuous interview simulation

An ANOVA comparing perceived authenticity across continuous versus discontinuous 
simulations of the RP and VP simulations yielded the following results (see also Fig. 2): 
There was a significant main effect of continuity, F(1, 414) = 4.179, p = 0.042, η2 = 0.003, 
indicating differences in authenticity ratings between continuous and discontinuous simu-
lation conditions for observations of RPs and VPs.

The interactions between setting and continuity, F(1, 414) = 0.102, p = 0.750, and sub-
scale and continuity, F(2, 828) = 1.418, p = 0.243, were nonsignificant.

Discussion

The present study was aimed at investigating differences in perceived authenticity across 
three forms of simulations. We were able to compare ratings of perceived authenticity 
under highly comparable conditions. We thus provide details on the respective profiles of 
these three settings in terms of Realness, Involvement, and Spatial Presence as facets of 
perceived authenticity.

Perceived authenticity differs between settings

The results of our comparison across SPs, RPs, and VPs confirmed our hypothesis that per-
ceived authenticity differs across simulation settings and that different factors of perceived 

Fig. 2    Effect of continuity of simulation
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authenticity are unequally affected by their differences in how they modeled different 
aspects of the target situation. Our findings also demonstrate that assessing these factors 
individually may provide additional information about simulation settings in general.

In line with our hypothesis and previous research reporting high authenticity for SPs 
(e.g., Barrows, 1993) and results previously reported by (Fink et  al., 2021b), we found 
that SPs were rated highest in Realness and Spatial Presence. The finding that Realness 
was higher for SPs than VPs or RPs was consistent with our assessment that SPs offer a 
detailed representation of the object (patient) as well as of clinically relevant subtasks (e.g., 
for evidence generation). As expected, Spatial Presence was higher for SPs as a live setting 
with high opportunities for action in comparison with VPs.

RPs were rated lower in Spatial Presence than SPs, and in contrast to our hypothesis, 
we found no difference in Spatial Presence between VPs and RPs, although these settings 
differ in terms of characteristics that potentially contribute to Spatial Presence: RPs offered 
more opportunity for action and entailing a direct spatial relationship with the simulated 
patient. VPs were assessed as offering easier separation between environmental cues that 
were consistent or inconsistent with the mental representation of the target situation, a fac-
tor that has been suggested to be implicated in Spatial Presence (Schubert et al., 2001).

VPs were associated with higher ratings of Realness than RPs, suggesting that judg-
ments of Realness are based on representations of patient features (e.g., emotional displays 
or situation-specific behavior) over professionally relevant subtask representation.

Because one of the frequently discussed benefits of simulations includes the use of various 
scaffolding measures, we analyzed the effect of a measure that has received substantial atten-
tion: prompted reflection and might or might not be associated with discontinuous simulation. 
As expected, the analysis of the effect of discontinuity on ratings of perceived authenticity 
yielded a significant effect, supporting our hypothesis that interrupting a continuous interview 
simulation is associated with a reduction in perceived authenticity. As outlined, discontinuation 
of the simulated interview and its interjection through a reflection phase requires disengage-
ment and reallocation of attention, which affects involvement, introduces stimuli conflicting 
with mental representation (Schubert et al., 2001), and requires reconstruction of said mental 
representation (Spatial Presence). Moreover, prompted reflection might not be consistent with 
learners’ expectations of the target situation in professional practice (Realness).

Theoretical implications

RPs required the full subtasks of assessing which pieces of information may be diagnosti-
cally relevant and formulating a feasible question to elicit this information from the patient. 
Moreover, they comprised high interactivity and required flexibility in the context of the 
communication process. This was not the case for VPs. Here, the participants were offered 
a choice of possible questions and received complete information after selecting it with a 
click. Thus, the representation of the subtask of generating evidence was strongly reduced 
in the VP simulation. On the other hand, situation-specific patient properties were mod-
eled in more detail in VPs, offering the representation through trained actors and including 
emotional representation in each videoclip.

We conclude that Realness judgments may be based on patients’ representations, more than 
subtask representations of the diagnostic process. In the discussion generated by Hamstra et al. 
(2014), who related authenticity to task alignment rather than physical resemblance, we would 
incorporate our results in the following way: Perceptions of Realness may depend on the rep-
resentation of objects’ non-task-relevant aspects rather than detailed subtask representation 
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when human interaction is simulated. Behavioral displays of simulated patients in RPs may be 
viewed as being in disagreement with predictions of objects’ behavior, and even if not directly 
task-relevant, this information may conflict with a coherent experience. Potential conflict 
between object prediction and representation may be particularly relevant when simulating 
human behavior. This is in line with the view that observing others entails action simulation 
and prediction, including higher cognition (Brass et al., 2000; Burke et al., 2010; Graf et al., 
2007; Schuch & Tipper, 2007; van Schie et al., 2004; Wilson & Knoblich, 2005) or their men-
tal states including emotion (Apperly et al., 2009; Premack & Woodruff, 1978).

We consider another explanation: In teaching practice, the use of RPs can be accompanied 
by low motivation to take part, unreadiness to accept the suggested environment as an alterna-
tive reality, and nonverbal and paraverbal cues to fellow students referencing the “as if” char-
acter of the simulation (e.g., laughter). Muckler (2017) discussed the suspension of disbelief 
as important for effective simulation. Such an unreadiness to suspend disbelief might compli-
cate learners’ mental representations of the target environment, thereby decreasing authenticity. 
This phenomenon should not simply be considered a confounding factor but instead needs to be 
addressed in teaching practice. However, in the RP simulation in this study, RPs took place in 
small groups of three or four students, with a precise task to deliver a correct diagnosis after the 
interview. We argue that this group setting should limit this potential influence. We also argue 
that lower motivation would not have compromised the measurement in terms of a rating bias, 
as the Involvement ratings did not differ significantly between the three settings. Importantly, 
none of the simulation settings differed in Involvement ratings. We take this finding as evidence 
that each of these settings is feasible for engaging learners and offer an environment feasible for 
sufficient attentional allocation to provide opportunities for learning.

Based on our results, we also suggest that the assessment of a simulation´s three-dimen-
sional authenticity profiles yields relevant insights and allows for a better-targeted design 
in simulation development. Current and future developments in computer-based simula-
tion include AI-driven approaches and bear influence on complexity, interactivity, adaptiv-
ity, adaptation, and surface representation (e.g., automatic image and avatar generation). 
Future systematic research on such characteristics’ impact on multidimensional authentic-
ity profiles could shed further light on these factors’ effects on learner experience.

Practical implications

Perceptions of Realness and Spatial Presence are best induced with SP simulations. How-
ever, these simulations are associated with ongoing expenses and organizational effort 
(Weller et al., 2012; Taylor et al., 2019). VPs, as a method that offers many benefits (e.g., 
scalability, readiness for use, and adaptability to the learner; Cook & Triola, 2009), seem 
to induce higher perceptions of Realness than RPs and offer the benefit of standardization. 
This strengthens the argument for a proposed extension of the use of VPs to foster diagnos-
tic competence (Cook & Triola, 2009; Berman et al., 2016) and illustrates its potentially 
advantageous profile in terms of perceived authenticity over the more traditional form of 
RPs. However, our results suggest that the simulation settings induced Involvement equally. 
Although Realness was judged lower for RPs, it may be preferable as a complement for 
fostering skill acquisition where more interactivity may be primal and may provide greater 
benefit (e.g., in communication skills training), and the learning goal includes the promo-
tion of the patient-perspective and empathy (Bosse et al., 2012).

As scaffolding has been shown to be highly effective in facilitating the learning of complex 
skills (Rastle et  al., 2021; Chernikova et  al., 2020), one could argue that upholding perceived 
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authenticity may be secondary to the gain through instructional guidance that has been repeatedly 
demonstrated across different learning scenarios (Kirschner et al., 2006) and VPs in particular 
(Belland et al., 2017). However, suppression of competing or inconsistent stimuli and reallocation 
of attention may use up cognitive resources, which are limited (Miller, 1956; Chandler & Sweller, 
1991 ). On the basis of our interpretation of these results, we would like to suggest implications for 
scaffolding design: These results favor scaffolds that do not require discontinuation of simulation, 
such as representational reduction (e.g., in Grossman et al., 2009) or enhancing the salience of 
relevant information, which has also been shown to impact authenticity (Chernikova et al., 2020). 
However, direct instructional guidance (Kirschner et al., 2006) could be represented as consist-
ent with the simulated situation. To illustrate, encouragement to reflect on past or future actions 
(review by Mann et al., 2009) can be designed to be inconsistent or consistent with learners’ men-
tal representations. An example of prompting that is consistent with the simulated environment in 
VPs could be the simulation of a colleague or the patient asking questions, thus prompting reflec-
tion. Research that systematically investigates the effect of instructional scaffolds that are consist-
ent with the simulated environment may shed further light on this issue. We conclude that scaf-
folding may compromise or reduce perceptions of authenticity in a simulation due to disruption of 
continuity and that further research on this point is needed.

Limitations

We would like to point out the following limitations: Although within each original study, par-
ticipants were randomized into the experimental conditions such as participatory role and scaf-
folding, our analysis is based on a quasi-experimental design without randomized assignment 
of participants across settings. The original studies are associated with differences in the time 
of data collection, thus leading to unequal sampling from cohorts across settings.

However, participation in one setting over others was not based on setting preferences 
or aptitude. Furthermore, the sample was drawn from the same population of medical stu-
dents in years 3–6 of their training. Participants received either financial or course credit as 
compensation. These different incentives across studies may have influenced motivation.

Further, we did not account for influences such as motivational factors or assess prior 
readiness to accept the simulated environment as an alternative reality (suspension of dis-
belief; Muckler, 2017), as our working definition of perceived authenticity was based on 
the simulation settings’ aptitude to facilitate mental representation of the target situation, 
including factors such as learners’ motivation.

In this study, we focus on authenticity as learners’ subjective experience in the sense 
outlined above and examine its variation in relation to three types of simulations common 
in the medical education field. It is not within the scope of this study to formally assess 
and quantify the fidelity of these simulations in terms of task approximation. However, we 
aimed to discuss participants’ perception of authenticity in relation to how well the simula-
tion is representationally aligned with the target situation. To address the potential effects 
of discontinuity in more detail, including interactions with potential factors such as per-
spective or live versus media-based settings, a larger sample would be required.

Lastly, in contrast to a meta-analysis, our study draws on specific examples of the three 
simulation formats we seek to compare, limiting the generalizability of our results. The 
above-mentioned development of AI-driven approaches to simulation and its multitude of 
possibilities for implementation may also warrant a finer distinction between simulation 
scenarios that goes beyond our broad definition of a VP.
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Conclusions

It seems worthwhile to assess different dimensions of perceived authenticity separately to 
evaluate a simulation in terms of a more detailed profile of perceived authenticity. The 
dimensions may be targeted separately and complement each other. In the example of 
implementation discussed here, VPs, which offer a variety of benefits, are associated with 
equal involvement and higher Realness perceptions than traditional live simulation through 
RPs. Analysis of authenticity profiles may be even more relevant with the development of 
AI-driven simulation, facilitating possibilities for (automated response generation) adapta-
tion, adaptivity, and individualized interactivity with the use of surface representation such 
as avatars and automated image generation). In the context of anamnestic interview simula-
tion, Realness judgments may be based on patient representation, not subtask representa-
tion. Discontinuation by scaffolding impairs perceived authenticity and should be consid-
ered a factor in simulation or scaffold designs. We suggest that future research address this 
gap in research on simulation-based learning.

Appendix

Model fit for a 1-factor model of authen
city:

Test sta�s�c    254.385
Degrees of freedom                                35
P-value (Chi-square)                           0.000

Model Test Baseline Model:

Test sta�s�c                              4348.411
Degrees of freedom       45
P-value                                        0.000

User Model versus Baseline Model:

Compara�ve Fit Index (CFI)                    0.949
Tucker-Lewis Index (TLI)                       0.934

Root Mean Square Error of Approxima�on:

RMSEA                                          0.106

Covariances of Realness, Involvement and Spatial Presence
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Estimate Std.Error z-value P(>|z|)   Std.lv Std.all

Realness 
  Involvement 0.371 0.026   14.029    0.000    0.499 0.499
  Spatial presence 0.883 0.043 20.444    0.000    0.791 0.791

Involvement 
  Spatial presence 0.420 0.029 14.629    0.000    0.617 0.617

Std.lv: latent variables standardized; Std.all: latent and observed variables standardized
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