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Abstract— Authentic assessment is the concept of using 

creative learning experiences to assess students' skills and 

knowledge in conditions that simulate reality. The importance 

of authentic assessment in higher education is recognized as it 

helps measure student performance and attainment of skills 

related to the expected learning outcomes of the degree program 

they study that map the skills required in their profession in the 

related industry. There is also growing evidence that authentic 

assessment can enhance student engagement, and improve the 

student experience and learning outcomes. VR coupled with 

gamification offers the authentic context for students to apply 

their knowledge and skills while solving real-world problems. 

This paper presents a work-in-progress study that focuses on the 

creation of an educational resource that effectively supports 

teaching and learning crime-scene analysis and evidenced-based 

inferences in Criminology through simulated crime scenes. The 

paper describes a participatory design process involving 

students and academics as co-creators of a VR game, the 

CrimOPS, it presents the initial prototype derived from this 

collaboration and preliminary study results. 

Index terms — Virtual Reality; Authentic Assessment; Serious 

Games; Game-Based Learning; Criminology. 

I. INTRODUCTION AND PROBLEM STATEMENT 

Currently, case studies have been used to teach how to 
analyze salient features in a homicide committed by serial 
killers in our class. According to Sheen, Yekani, and Jordan 
[1] case studies have been used in several disciplines as a 
strategy for active learning and found to encourage student 
engagement and critical thinking. 

However, Bonasio found that mixed reality and immersive 
experiences will play an increasingly critical role in modern 
education, and immersive learning is “a powerful vehicle for 
identity and knowledge transfer, both of which are crucial 
factors affecting learning outcomes” [2]. Akhgar, et.al. 
present how serious games can enrich and complement other 
training approaches, especially in the sense that they provide 
a link between the classroom, scenario-based training, and 
real-life operations [3]. 

This project has been created to support learning and 
teaching and improve students’ experience of criminal 
psychology for criminology students at the University of 
Westminster. As such, an inter-disciplinary collaboration was 
created between Social Sciences and Computer Science. A 
Participatory Design approach has been adopted, involving 
students and academics as co-creators of a gamified virtual 
simulation (GVS), namely the “Criminology Offender 
Profiling Simulation”: CrimOPS. CrimOPS combines VR 
technology and is designed to support the criminology 
students to apply their theoretical knowledge of offender and 
geographic profiling to a scenario that would be close to 
physical reality. The GVS would support the learners develop 
observation and problem-solving skills and critical thinking to 
understand what happened in a scenario. Additionally, 
students would learn to make inferences supported through the 
use of empirical academic studies in an assessed report.  

The rest of this paper presents the research questions 
driving this study, the methodology we followed, the research 
instruments we designed to support the study, and the 
preliminary results. The paper closes with a discussion and 
future directions. 

II. RESEARCH QUESTIONS 

The ultimate goal of this work-in-progress project is to 
study the effect of GVSs for authentic assessment. We unpack 
student experience as elements of student engagement, 
motivation, and learning compared to the use of case studies 
in supporting HE students in achieving deeper learning [4]. 
The research questions this project attempts to answer are the 
following: 

RQ1 GVSs support authentic assessment; 

RQ2 GVSs can help learners achieve deeper knowledge 
and critical thinking; 

RQ3 Criminology students perform better in terms of 
achieving learning outcomes with GVSs compare to 
conventional paper-based material; 

RQ4 GVSs compared to conventional paper-based 
material improves student engagement; 



RQ5 GVSs compared to conventional paper-based 
material improves student motivation and 
experience; 

III. RESEARCHEARCH METHODOLOGY 

To study the research questions and address the project 
aims the study ensues the following systematic approach: 

a) uses a Participatory Design process involving all the 
stakeholders (students and academics) for the design of 
an educational resource for authentic assessment; 

b) uses criminology students who were taught offender 
profiling, as insiders to create the scenarios that can 
assess the knowledge of their peers; 

c) it combines VR technology and gamification for the 
creation of an educational resource for authentic 
assessment, the CrimOPS, which will be used as a 
research instrument for the study; 

d) it plans a comparative study to evaluate the 
achievement of expected learning outcomes in 
offender profiling, as well as the student experience 
comparing paper-based versus authentic assessment 
using a GVS, the CrimOPS; 

e) uses analytics integrated into CrimOPS to evaluate the 
learner’s journey and learning behavior, like collecting 
evidence, completing tasks, and time-related to 
achieving those tasks; 

f) user satisfaction is evaluated using the User 
Experience Questionnaire (UEQ) [7] and immersion 
based on the Immersive Experience Questionnaire 
(IEQ) [8]. 

The following sections elaborate on the creation of the 
research instruments to support the study. 

IV. PROTOTYPE DESCRIPTION – VR INTERACTIVE GAME 

To support the study two research instruments have been 
created: (a) a paper-based and (b) a GVS, both covering 
learning outcomes demonstrating recognizing salient features 
of a criminal case, such as: 

• Modus Operandi (MO), actions necessary to commit 

a crime successfully [5]; 

• Signature, behavior going beyond what is necessary 

to commit the crime, almost as a ritualistic action, 

related to cognitive process and relatively consistent 

[5]; 

• Staging, intentional alteration of the scene before the 

arrival of the police [5]; 

• Trophy, item taken from the crime scene or the 

victim (something personal) by the offender to 

symbolize the offender’s triumph over the victim 

[6]; 

• Souvenir is, a meaningful item taken by the offender 

to remember the incident and the pleasure gained 

from the crime [6] 

Both research instruments covered the same learning 
outcomes to support the students to discover salient 
characteristics of the crime scene but simulated two different 
crime scenes so that the student performance could be 
compared. The GVS application consists of the following 
levels. 

A. Level 1 – Crime Scene 

The learners take the role of the criminal investigator who 
visits and explores a crime scene to collect evidence and 
recognize the salient features of the crime scene. The learners 
meet police and forensics investigators on site who also 
provide the information they collected at the crime scene (see 
Fig.1). The learners collect evidence (see Fig 2.) and note 
down information in a notebook. There is no time limit to 
explore the scene and no system assistance about the clues to 
be found from a hint for the number of clues to be found, 
simulating as closely as possible a real-life crime scene 
investigation. Learners can take as long as they need to collect 
information and they can return to the scene if they needed to. 
The game provides also a map that shows the crime scene 
location. 

B. Level 2 – Forensics examination 

The learners visit the crime lab and talk to a forensic 
medical examiner to gather the information derived from the 
forensics examination of the victim’s body (see Fig. 3).  

C. Level 3 – Interviews 

The learners return to the police station and support the 
police interviews with witnesses and people related to the case 
to gather the information that could help the crime 
investigation (see Fig. 4).  

At the end of the investigation, the learners analyze the 
clues they have collected and the notes they have taken to 
conclude the case. They will then complete a report that 
combines their understanding of the case with the evidence-
based inferences that they made with the support of academic 
studies. 

 

Fig. 1 Crime scene of a park that the learners have to explore in level 1 of 

the game 

 

Fig. 2 Clue related to the crime scene  in level 1 

 

Fig. 3 Conversation with the forensic medical examiner 



 

Fig. 4 Conversation between the police investigator and a friend of the victim 

V. THE STUDY 

In this paper, we present a preliminary study involving a 
small number of second-year students in 
criminology/soc/crim, registered in a Forensic and Criminal 
Psychology module. The purpose of this preliminary study 
was to test the research instruments and the study plan. 
Participants have been presented with a paper-based scenario 
of a serial murder case and they have been asked to provide a 
250 words summary of their understanding of the case and an 
analysis of the salient characteristics (e.g., MO, signature, 
staging, etc) (see Section IV). In the second part of the study 
couple of weeks later the students have been presented with a 
virtual simulation/game based on a different scenario to get 
accustomed to. To evaluate if the use of the different learning 
instruments supported students to achieve better learning 
outcomes, we compared the summaries and the salient 
features they presented for both scenarios.  

To evaluate the design of the simulation, as well as the 
learners’ experience, motivation, and understanding 
participants received an online 5 Likert Scale questionnaire 
(Negative 1 2 3 4 5 Positive). That was organized into four 
parts collecting: demographics; feedback about game features; 
User Experience Questionnaire (UEQ) [7]; and immersion 
based on the Immersive Experience Questionnaire (IEQ) [8]. 
All collected data has been aggregated, allowing for all 
participants’ anonymity. 

Only 7 students completed the survey and we found that 
students mostly disagree (somewhat disagreed/strongly 
disagreed) that the paper-based case was more engaging 
(n=4)/interesting (n=4) than the gamified VR application. 
Most students found that the paper-based case was more real 
(n=6) and more stimulating (n=4) than the gamified VR 
application. Students had a shared feeling on whether the 
paper-based was more fun than the gamified VR application 
(3 agreed, 2 disagreed and 2 had no opinions). Students felt 
more frustrated (n=5) and anxious (n=4) with the simulation 
than with the paper-based. 

The student had mixed feeling about whether they felt less 
scared or put off by the description of the crime or the autopsy 
reports of the paper-based case compared to the virtual 
simulation. They got the same results with the feeling of 
whether the paper-based case can help them in developing 
their observation skills better than the virtual simulation. 

On the other hand, most students agreed that the paper-
based helped them to develop their critical analysis skills 
better than the virtual simulation, but they felt that the paper-
based could not help them in developing their problems 
solving skills. 

Students agreed that the virtual simulation contributed to a 
more innovative and original experience, but they mostly 

disagreed on whether they preferred it to the traditional 
assessment form. 

VI. DISCUSSION AND FUTURE WORK 

The results of this preliminary study did not help us to 
conclude the effect of the gamified VR simulation for 
authentic assessment. This was down to the quality of the 
graphics and the interaction with the characters of the 
gamified VR simulation. 

The gamified VR simulation has been originally designed 
in Unity and we are currently re-designing it in Unreal Engine 
which provides greater realism and smoother character 
animation. We are also integrating analytics in the VR 
simulation to collect information that could help us later 
analyze the learners’ journey and compare this too gained 
knowledge.  

To evaluate our student’s learning experience and whether 
the gamified VR application, CrimOPS, can help them 
achieve some of the intended learning outcomes (ability to 
understand a case and its salient features) we are planning a 
study involving the whole cohort of approx. 125 second-year 
students in criminology/soc/crim, registered on a Forensic and 
Criminal Psychology module. This will provide adequate data 
to evaluate our research questions. The class will be divided 
into two groups: the first one will use the paper-based 
assessment instrument, and the second the virtual reality 
game. In the successive run, we will switch the groups and 
then administer the survey. A challenge we are facing is 
accommodating this large number of students to experience 
the resource using immersive VR. To address this we will 
create two prototypes one to be accessed as WebVR and one 
as an immersive VR resource.  
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