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Abstract 
Background: Concept maps and knowledge maps have been used to promote meaningful learning by 
students. The traditional pen-and-paper approach to such maps requires manual grading that 
generates a heavy workload for time-poor educators. Current computer-based tools are unable to 
provide reliable feedback in a user-friendly online environment. 

Summary of work: Our software, UNSW Knowledge Maps, is a cloud-based interactive knowledge 
mapping system. This system can be used to create, edit and share maps and students can receive 
automated graphical feedback in real-time. The system can be accessed without the installation of 
third party applications or plugins, increasing usability. 

Summary of results: Preliminary studies indicate a high uptake by students enrolled in the Medicine 
program and Medical Science courses. With one group of students, our data demonstrates a 
significantly higher perception of understanding after using the maps. A second group of students 
show improved learning outcomes in a pre-test post-test study.  

Discussion: The trials conducted thus far demonstrate that UNSW Knowledge Maps is a readily 
accepted tool for concept and knowledge mapping by students. The native web-based interface 
enhances usability by lowering the barriers for uptake. Initial studies suggest that UNSW Knowledge 
Maps provides benefits for learning by medical students. 

Conclusions: Our preliminary data suggests that UNSW Knowledge Maps is a readily accepted and 
useful educational tool. We have also developed an assessment mode in which teachers can create 
activities with automated grading and feedback. 

Take-home message: UNSW Knowledge Maps is an online educational tool that fosters engagement 
in meaningful learning, critical thinking, and problem solving skills. While still in its early stages, we 
believe this tool could prove valuable for students in a variety of disciplines. 
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1 INTRODUCTION 

1.1 Concept/knowledge maps 
Concept and knowledge maps were developed half a century ago by Novak and Gowin. Such maps 
are graphical representations of knowledge, composed of concepts (enclosed in circles or boxes, 
called nodes) that are joined together with arrows or lines. Linking phrases generally accompany 
these lines to describe the relationship between two concepts [1]. 

Concept/knowledge maps have been shown to promote meaningful learning (which is the integration 
of new knowledge into the learner’s existing framework of understanding), critical thinking, and 
problem solving skills [2-6]. These maps have aided student understanding of the relationships 
between different ideas [7] and thus the synthesis of information [8]. With the ever-increasing wealth of 
knowledge, active lifelong learning is an increasingly important skill.  Mapping can foster the 
development of this skill by stimulating student engagement and responsibility for their own learning 
[9-11]. Indeed, the continued use of mapping across primary, secondary, and tertiary education attests 
to these many benefits. 

1.2 Feedback 
Traditionally, concept and knowledge maps have been created with pen and paper. However, the 
widespread use of digital technology in education has also been applied to concept and knowledge 
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mapping. CmapTools™ is perhaps the most prominent among online concept mapping software, 
developed by the Institute for Human and Machine Cognition [Florida IHMC, Pensacola, FL, USA, 
http://cmap.ihmc.us/)]. CmapTools™ is designed to facilitate the construction and sharing of concept 
map-based knowledge models, but does not provide a straightforward way for teachers to provide 
feedback on student maps [12]. While there are established methods of grading maps created by 
students, providing students with feedback adds significantly to the workload of teachers, who are 
often already time-poor. Thus, particularly with large class sizes, it is very difficult to provide feedback 
to students in a timely manner [13]. 

Feedback plays a significant role throughout the entire learning process, not simply at an endpoint 
[14]. Appropriate feedback helps students determine their current level of understanding and so helps 
to direct their future study. In a similar fashion, the assessment of student understanding informs 
teachers of common gaps in desired knowledge and misconceptions, thereby guiding future 
instruction [15]. 

As such, we set out to develop a software tool that could be used to engage students in 
concept/knowledge mapping activities, and that could also generate meaningful feedback. 

2 UNSW KNOWLEDGE MAPS 
While several software programs have been developed that can automate assessment and feedback 
on concept/knowledge maps, none have come into common use. This might be attributable to the 
difficulty of providing useful automated feedback for students, or due to requirements for a specific 
operating environment that introduced barriers to uptake (such as the installation of third party plugins 
and applications) [16]. Consequently, we developed UNSW Knowledge Maps, which is based on the 
code of ICMLS (Interactive Concept Map-oriented Learning System) with permission from its 
developers at the National Taiwan University of Science and Technology [17].  

UNSW Knowledge Maps is a completely web-based software program that enables the creation, 
editing and sharing of concept/knowledge maps, and automates real-time graphical feedback on 
student maps. The software is supported by any modern web browser because it is implemented 
purely in HTML5 and JavaScript, requiring no additional applications or plugins. It is also compatible 
with mobile devices. The software system has been integrated with UNSW’s LDAP service 
(Lightweight Directory Access Protocol), meaning that students can log in with the same username 
and password that they use for all other university services. All of this has helped streamline the 
process for students, thus enhancing accessibility and usability. We plan to further streamline the 
system by integrating UNSW Knowledge Maps with the university’s Learning Management System 
(LMS) using LTI (Learning Tools Interoperability), thereby enabling seamless embedding of mapping 
activities in blended courses. 

2.1 User interface for teachers 
When logged into UNSW Knowledge Maps as a teacher, there are various functions available through 
different tabs at the top of the window, as shown in Figure 1: 
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Figure 1. User interface for teachers with the “Maps” tab open. 

2.1.1 Maps 

Mapping activities can be created in the “Maps” tab. For every activity, the teacher must develop an 
“expert map”, which is then linked to a “scaffold map”. This “scaffold map” is what students receive as 
a starting point. The basis of the feedback that is generated by UNSW Knowledge Maps is a 
comparison of the propositions found within the student’s attempt to match the propositions in the 
“expert map”, based on the weighted proposition approach developed by Chang et al. [18]. Changing 
the degree of scaffolding customises the difficulty of the task. For example, advanced learners can be 
given little or no scaffold, while novices can be given the entire structure with only a few nodes to 
complete. 

Settings can be customised for each map regarding the activity itself, as well as the feedback students 
will receive (Figure 2). For each activity, teachers can determine whether students have to generate 
their own text for nodes and linking phrases, or whether they will receive a dropdown list of options to 
from which to select. Maps with higher levels of scaffolding can be locked so that students do not 
accidentally move nodes around, as well as preventing accidental addition of new nodes. Where the 
task is more freeform, (i.e. students construct their own framework or restructure the provided 
scaffold) the map can be unlocked. 

The teacher can also determine what feedback students receive upon submission in Map Settings. In 
terms of graphical feedback, teachers can decide whether incorrect and/or omitted nodes and linking 
phrases will be highlighted (red and yellow respectively). Omitted nodes can be displayed with only 
their first letter (as a hint) or in their entirety. A table containing a list of all propositions in the expert 
map compared to all propositions found within the student map can also be shown or hidden. Lastly, a 
percentage score that is generated by the weighted proposition method [18] can be shown or hidden. 

From Map Settings, teachers can also activate a pop up window to appear after students submit their 
map with links to feedback surveys, additional reading on the topic, or the next activity. 
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Figure 2. Map settings. 

2.1.2 Submissions 
From the “Submissions” tab, teachers can view all attempts made by students. Within the browser, 
teachers can search for the relevant map and view any student’s most recent attempt. “Show 
summary report” generates a PDF of each students’ latest attempt at completing that map, together 
with their percentage score. “Export to Excel” generates an Excel file containing each student’s score 
for their first attempt, latest attempt and best attempt (i.e. the highest score they achieved). Previous 
attempts can be viewed by clicking “Show historical version”, which opens a new window with all 
attempts made by the selected student on the selected map, each with a time stamp. This can be 
helpful in showing changes in students’ understanding over time or following intervention. 

 
Figure 3. Submissions tab. 
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2.1.3 Enrolment and Settings 

Students can only access maps in the courses and semesters that they are enrolled in. Teachers 
enable students to access maps through the “Enrolment” tab by uploading a CSV (comma separated 
values) file of students’ user names. 

The “Settings” tab lets teachers add courses and semesters. This is also where teacher permissions 
can be granted. With future LTI integration, both “Enrolment” and “Settings” functions will be 
automated. 

2.2 User interface for students 
The type of activity depends on the map settings determined by the teacher. Figure 4 shows an 
example of a scaffolded mapping activity where students select the appropriate phrase from a 
dropdown list. Students can “Save” their maps at any point, and “Submit” to receive feedback when 
they are ready. The number of attempts is unlimited (unless otherwise determined by the teacher in 
“Map Settings”) and students can reset the map to the original scaffold for repeat attempts. “Show 
submission history” opens a new window similar to “show historical version” for teachers, displaying all 
past submitted maps for that task. 

 

Figure 4. User interface for students, an example of a highly scaffolded mapping activity with 
dropdown lists. 

The type of feedback students receive is also determined by settings made by the teacher as 
described in Section 2.1.1, with an example in Figure 5. This feedback is immediate and automatically 
generated by the software. Students can also export their attempts as a PDF for future reference. 

7664



 
Figure 5. Graphical feedback with incorrect nodes and linking phrases highlighted in red. 

3 METHODOLOGY 

3.1 Preliminary assessment of usability 
We asked 3rd year undergraduate medical students at UNSW to complete scaffolded pathology maps 
by choosing options from a dropdown list in computer lab-based tutorials. With 3 consecutive cohorts 
(n=55 total), the maps covered topics including infective endocarditis and acute respiratory distress 
syndrome. Using online questionnaires, we collected data about the software’s usability. 

3.2 Pilot study A 
We recruited volunteer students from the 1st and 2nd years of undergraduate Medicine at UNSW, 
allocating them into 2 study groups. This crossover trial ran over two weeks in which Group 1 (n=53) 
completed a knowledge map on Ischaemic Heart Disease (IHD), while Group 2 (n=59) completed a 
map on Deep Venous Thrombosis and Pulmonary Embolism (DVT/PE). These were scaffolded maps 
to be completed by selecting the missing concept or linking phrase from dropdown lists. As a control, 
students were provided with a link to existing online resources for the other topic.  At the end of the 
trial, students completed a timed online quiz comprising of questions relating to both topics, as well as 
a questionnaire with open-ended questions and a range of Likert scale items (ranging 0 to 6.0). All 
participants were provided with access to both maps at the end of the trial period. 

3.3 Pilot study B 
We recruited participants (n=54) from a third-year undergraduate anatomy course, who were new to 
UNSW Knowledge Maps and were enrolled in either Exercise Physiology or Medical Science 
programs. Participants were asked to complete scaffolded maps on cranial nerves in pairs by 
choosing from a list of options in a dropdown list. Students completed a pre-test on cranial nerves 
prior to the mapping activity and a post-test following the activity. 

4 RESULTS 

4.1 Usability assessment results 
Open-ended feedback from students enabled various fixes and improvements in usability. A prime 
example is that the dropdown lists (generated from all possibilities from the expert map) were initially 
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in random order. However, following student comments that such lists were overwhelming, we 
alphabetised the lists, with a very strong positive response from students. Furthermore, students 
complained about accidentally creating nodes by double-clicking when the activities did not require 
this, so we created an option for teachers to disable new nodes. Overall, the majority of responses 
were positive. 

4.2 Pilot study A results 
There was no significant difference between the mean quiz scores of the groups allocated to each of 
the map topics IHD and DVT/PE. Given students had access to face-to-face teaching and online 
resources related to both topics in their course, this outcome is not surprising. Nevertheless, when 
asked to rate their understanding of each topic on a scale from 1 to 10, students reported a 
significantly higher perception of understanding after using the maps, with a median of 4.5 before (IQR 
4.0-6.0) and 7.0 after (IQR 6.0-8.0); p<0.0001** Wilcoxon rank sign test. 

Of the 135 responses to the rating of different items about the utility of UNSW Knowledge Maps: “It 
improved my understanding of the topic” 112 (83%) gave positive responses in feedback surveys 
(score of 4 out of 6 or higher). Similarly, for the survey item “It enhanced my motivation to learn about 
this topic” 117 (87%) gave positive responses, while 115 (85%) had positive perceptions regarding the 
item “I would recommend this learning resource to others”. 

4.3 Pilot study B results 
We found a significant difference between pre-test and post-test scores, with means of 59.8% before 
and 76.7% after the mapping activity (p<0.0001** by paired t-test).  

5 CONCLUSIONS 
Concept/knowledge maps have great potential benefits for the learning process, as does the 
appropriate provision of feedback. Accordingly, a tool that can automate feedback on student-made 
maps could be of much value in the learning process. Preliminary data suggest that UNSW 
Knowledge Maps is a readily accepted and effective educational tool. We are in the process of 
finalising an assessment mode for UNSW Knowledge Maps and integrating with the university’s LTI. 
While still in its early stages, we believe this tool could prove valuable for students in a variety of 
disciplines. 
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