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Abstract 
One of the latest trends in education is that the different universities offer their studies in both face-to-
face and virtual (e-learning). The basis of virtual teaching should be continuous and non-face-to-face 
assessment. The assessment system should also ensure that students acquire the same 
competencies as students in the face-to-face modality. One of the greatest difficulties of virtual 
teaching is the adaptation of subjects with a high practical content.  

In this work we present the adaptation of the laboratory practices in human osteology, belonging to the 
subject Biological Anthropology which is taught in the first course of the Degree in History and 
Heritage to the virtual modality at the University of Burgos. With the aim of ensuring that the students 
of the non-presential modality acquire the same competences as the students in the classroom, we 
present an on-line 3D viewer. It allows students to interact with the model in the three dimensions 
(rotate, zoom in-out, etc.), measure distances between points, as well as answer questions defined by 
the teacher, by using annotations on the model. 

The use of this tool shortens the differences between the face-to-face laboratories and the on-line 
ones and due to it is a web application, it facilitates future integrations with learning management 
systems like Moodle, Blackboard, edX, among others. 
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1 INTRODUCTION 
Nowadays is getting more and more popular that universities offer their degrees in both modalities: the 
traditional face to face, in the classrooms, and the on-line, completely virtual. One of the main 
drawbacks of teaching on-line emerges for those subjects that need practices on laboratories. To cope 
with it, two main approaches can be followed: a physical laboratory controlled remotely, or a virtual 
laboratory. Although the first option is technologically possible, it would be extraordinary expensive in 
terms of building costs, management and maintenance. Thus, the most handy alternative is the 
creation of virtual laboratories, even though their implementation is not trivial [1]. In recent years, 
virtual laboratories have been used in many fields, such as chemistry [2] and engineering [3]. 

This paper presents an educational tool that, despite the fact that is not as complex and complete as a 
virtual laboratory, it allows the performing of anthropology practices on-line. The tool is able to load 3D 
models in “PLY”, the most used format for storing three-dimensional data from 3D scanners, and to 
operate with them in the same way that models were physically on the laboratory. The viewer also let 
students the possibility of adding annotations on the model and measuring distances between points.  

Some of the most common exercises in human osteology consist of estimating age, sex or disease of 
pathologies by identifying and measuring distances between certain points, known as “landmarks”, or 
by classifying the shape of a certain part of a bone rest. The tool allows students of the virtual teaching 
mode to perform that type of exercises by manipulating, annotating and measuring in 3D viewer. 
Student work can be later loaded and evaluated by the teacher. 

Another strength of the 3D viewer is its client-server architecture, based on the web, so teacher and 
students only need a web browser, which makes its use easier. Moreover, it enables its integration in 
Learning Management Systems (LMS) such as  Moodle, Blackboard, etc. 
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Table 1.  Functional Requirements of the 3D viewer for virtual teaching. 

Req. Description of the functional requirements 

R1 The 3D viewer should allow to load and view models in the same way that the object were physically on 
the students' hands: rotation, zoom in-out, etc. 

R2 The viewer should provide tools for adding/modifying/deleting annotations. 

R3 The viewer should provide tools for adding/modifying/deleting measurements. 

R4 The tool needs an access control system with the aim of preventing unauthorized access to the models. 

R5 The viewer should be easy to use and be designed for enhancing users' usability. 

R6 The viewer should provide export tools for sending results to the teacher. 

2 REQUIREMENTS OF THE TOOL 
Before explaining what are the requirements to have to be met by the tool we have to know what kind 
of models should be able to show and manipulate. The tool has to be able to load different kinds of 3D 
formats, as they are the most common, STL (Stereolithography) and PLY (Polygon File Format). The 
main difference between them is the capability of the latter in keeping the colour and surface texture, 
managing to maintain a great realism. In the future, it is advisable that the tool would support many 
other formats, as for example OBJ (Wavefront Tech). 

Original STL can be built through CT (Computed Tomography) scan or 3D scanner, however PLY is 
only obtained by 3D scanner, as in this case 3D Scanner Ultra HD (Next Engine, Inc). Once we have 
obtained the original 3D model from the scanner, it has to be repaired in order to assess a closed 3D 
model. We get it by Scan studio (NextEngine, Inc), Geomagic (3D System, Inc) or Meshlab [4], these 
are three of the most common software used to manage the 3D models. Once the aforementioned 
process have done, the result obtained is a well-formed 3D model, completely functional.  

The requirements of the 3D viewer were established by the researchers from Laboratory of Human 
Evolution at the University of Burgos for its virtual degree in History and Heritage. These requirements 
can be divided into functional requirements (the actions or tasks that the viewer must perform) and 
non-functional requirements (which specify how the viewer should be executed). The functional 
requirements, that have to be fulfilled by the tool, are gathered on the Table 1. 

The non-functional requirements are the following: it must be a web tool, to prevent students from 
having to install any additional software, it should be based on open standards and open software, to 
allow developers to add functionality or adjust the tool to teaching needs (Being open software is not 
the only requirement, it must be based on current and active software widely used by the software 
community).  And, as it was mentioned before, it should be able to work with PLY models 

3 OTHER TOOLS 
This section reviews some of the tools, libraries and applications that are designed for enabling on-line 
visualization of 3D models. And then, these tools were classified according to the requirements 
previously described. 

There are several web applications that allow the visualization of 3D models in STL format, some 
examples are: ViewSTL1 or OpenJSCAD2. However, this format does not support color or texture, so 
taking these tools as a reference point for the development of our 3D viewer is not an option. It is true 
that OpenJSCAD is open source and it could be adapted, but it is a CAD tool and the reusable part 
would be minimal. 

                                                        
1  Free on-line STL viewer accessible on: http://www.viewstl.com/ 
2  Open JSCAD available on: http://openjscad.org/ 
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Table 2.  Summary of the capabilities of the different 3D viewers. 

Name of the tool PLY support Desktop/Web Open Source  Active 

ViewSTL No Web (WebGL) No (priced) Yes 

OpenJSCAD No Web (WebGL) Yes Yes 

Mesh Viewer Yes Desktop Yes No 

Open 3D Model Viewer Yes Desktop Yes Yes 

Pointcloud-PLY-Viewer Yes Web (Flash) Yes No 

Online 3D PLY Yes Web (WebGL) No (priced) Yes 

Autodesk A360 Viewer Yes Web (plug-in) No (priced) Yes 

Our 3D viewer Yes Web (WebGL) Yes Yes 

The number of viewers that support the PLY format is much smaller, and this number is further 
reduced if we only take into account web-based ones. The most representative tools that support PLY 
are Mesh Viewer3 and Open 3D Model Viewer4, which are desktop based tools; and Pointcloud-PLY-
Viewer5, Online 3D PLY Viewer6 and Autodesk A360 Viewer7, which are web based. 

Mesh Viewer is an open source desktop application (for Windows and Linux operating systems). Open 
3D Model Viewer is also a desktop application, but only for windows. 

Pointcloud-PLY-Viewer is an on-line and open source viewer, unfortunately it is a software based on 
the obsolete and proprietary Flash 4 plug-in and has not been updated since February 2013. 

On-line 3D PLY Viewer allows load models and them drag mouse left button to rotate, scroll mouse 
wheel to zoom in/out, drag mouse right button to pan, etc. It is implemented by using WebGL so the 
user don't need to install any plug-in. But it is needed to buy a token to activate the application. 

Autodesk A360 Viewer is a complete proprietary tool that allows users to store, manage and display 
models in a on-line 3D viewer for a monthly fee. It has been used to develop a 3D viewer of fossil rest 
called African Fossils8 which, although not a teaching tool, works in a similar way to ours. 

4 DESIGN OF THE 3D VIEWER 
As previously stated, the aim of the 3D viewer is the possibility of virtually simulating the laboratories 
of anthropology in on-line degrees. While laboratory practices, in face-to-face modality, are performed 
with real bones or reproductions, the 3D viewer will work with 3D models. With that in mind, bone 
pieces must be scanned in advance or alternatively or in a complementary way, it would be necessary 
to obtain access to models scanned by third parties. Due to the fact that the bones' models are 
valuable and it is desired to allow access to students but not to the general public, the privacy of the 
models is assured by the 3D viewer. The teacher facilitates the access of each group of students only 
to the models they need and the students must access with their user and password. 

                                                        
3  Mesh viewer accessible on: http://mview.sourceforge.net/ 
4  Open 3D Model Viewer available on: http://www.open3mod.com/ 
5  Pointcloud viewer for 3D models in PLY accessible on: https://github.com/ktuite/Pointcloud-PLY-viewer 
6  Online 3D PLY Viewer available on: https://www.afanche.com/online-3d-ply-viewer 
7  A360 viewer from Autodesk accessible on: https://a360.autodesk.com/viewer/ 
8  Virtual lab of African fossils digitalized available on:  http://africanfossils.org/ 
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Illustration 1: Main window of the viewer with a 3D model of a skull loaded. 

Moreover, the tool must be easily accessible from LMS to integrate it simply in on-line learning. For all 
of this, the architecture selected was a client/server one, where the client is a dynamic web-page in 
JavaScript (broadly supported by browsers nowadays) that uses Three.js [5], an open source 
JavaScript library commonly used to create and display animated 3D computer graphics, and the 
server is written in Python using Flask [6], one of the most popular open source micro web framework. 

There are two roles in the tool: teachers and students. Students can only use the tool for viewing 
models and interact with them, whereas teachers can manage the models (upload them from local). 
The main page is shown in Illustration 1 and, as it can be seen, it is divided in two main areas: 
annotations and measurements panels on the left, and the 3D viewer itself on the right. The viewer 
also has a small menu on the top right corner with some extra controls, such as changing unit (inches, 
centimetres, etc.) and the possibility of whether or not showing a grid below the model. 

Students interact with the tool by viewing the model and adding to it some markers. There are two 
markers that the viewer manages: 

1 Annotations are shown as small spheres that are positioned on the surface of the model. Each 
annotation is associated with a text on the left panel. Users can change that text for identifying 
relevant points of the bones. Illustration 2 shows a model with three annotations over the model, 
the selected one is highlighted in green. 

2 Measurements are composed of two small spheres, one initial and one final, connected by a 
thin line. The viewer automatically computes the distance between them and it is displayed on 
the left panel. Illustration 3 shows a model with a measurement. 

Both, annotations and measurements, are linked between menu items (on the left panel) and points 
on the model, in this way when a point is selected by the user, the annotation or the measurement is 
highlighted on the menu. 

4.1 Exportation options 
All annotations and measurements created in the viewer can be exported to a file and can also be 
imported. The buttons for importation and exportation are in the top left corner, just over the 
annotations menu. This functionality allows the teacher to design a workflow such as the following: 
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Illustration 2: Model with three annotations. The selected annotation (over the tooth) is highlighted in green. 

 
Illustration 3: A model with a measurement selected. 

1 The teacher publishes the 3D model along with a statement in text mode. The statement asks 
the students to identify a series of relevant points of the bones, or to carry out a set of 
measurements. 
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2 The student makes the annotations and measurements in the 3D viewer. 

3 The student exports the data in a file and, then, the file is submitted in a  task on a LMS like 
Moodle. 

4 The teacher imports the file and evaluates the work of the student. 

5 CONCLUSIONS AND FUTURE WORK 
This paper presents a teaching resource that makes possible the laboratories of the Degree in History 
and Heritage of the University of Burgos, in the on-line modality. The tool is based on a client-server 
architecture which ensures the access only to authorized users and hosts the models on the server 
side. 

The 3D viewer allows users the manipulation of the model in the same way that it were physically on 
their hands. Moreover, the viewer gives the opportunity of taking measures and identifying remarkable 
points on the model, which offers to teachers the possibility of testing and evaluating the 
comprehension of the students in on-line degrees. 

The application presented here, is going to be used the next year for the first time by students of the 
University of Burgos. Their use is evaluating for improving the tool in future versions.  Besides the new 
features that can be planned from feedback received, this project has several future lines.  

From the teaching tool point of view, it is planned that the teacher can generate Moodle Quiz's 
questions using the 3D viewer and that students can answer the questions by using the tool. This 
functionality would allow the automatic correction of several types of questions, such as multiple 
choice, short answer or numerical, among others. 

From the academic research point of view, it is planned the inclusion of techniques and tools that 
makes research in human osteometry easier. Metric methods are very common to estimate crucial 
paleobiological parameters from the skeleton such as sex [7], age at death [8], stature and weight. 
These methods are repeatable and objective, however the numerical and statistical analysis they 
require are tedious and, sometimes, difficult to the students. Thus, it is pretended that some of these 
processes can be automated. In addition, in the last years geometric methods [9] are very popular in 
bioanthropology and paleoanthropology research. These methods allow us to perform a quantitative 
analysis of the form of an organism (They are based on landmarks or coordinates). In this sense, a 
subsequence objective for this software is that it could be performed a complete geometric 
morphometric analysis by its own. 
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