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Abstract: High school and college physics students involved in authentic, long term inquiry 
projects require supportive learning environments. Novice researchers go through a long "messy" 
process during which they collect a large document repository. These documents are randomly 
stored in team members' devices, thus defeating the purpose of future retrieval and knowledge 
convergence. The current study presents a method for addressing this problem by providing high 
school students participating in the Inquiry Physics program, with dedicated, private digital 
spaces in the Moodle LMS. The Inquiry Project (IP) sites also serve as windows through which 
the instructor can unobtrusively view and monitor the teams' theoretical and experimental 
progress, by systematic browsing and by using the system-generated reports and charts. We will 
describe a sample IP site, detail the types of uploaded materials, present and interpret activity 
charts and present questionnaire data, about students' concepts of the IP sites and their storage 
practices.  
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Introduction – The Need for Supportive Inquiry Learning Environments 
The notion of involving physics learners, at all levels of the education system, in first hand investigation of 

physical phenomena has permeated physics education philosophy for over a century (Otero & Meltzer, 2016). In 
fact, inquiry is now mandated worldwide as an integral part of physics education policy, and the related mental 
abilities, practical skills and attitudes have been defined (e.g. AP Manual, 2015; Australian Curriculum, 2015).  
Moreover, there has been a call to involve high school and college physics students in advanced,   long term, physics 
inquiry projects, in keeping with the kinds of knowledge and skills required in a fast growing science-and-
technology driven economy (Zwickl, Finkelstein & Lewandowski, 2013). The Inquiry Physics program is an 
elective major for students in grades 10-12, who take it in parallel to the traditional advanced level physics course. 
The idea is for student pairs to acquire inquiry knowledge and skills and complete a serious physics inquiry project 
under the guidance of specially trained Inquiry Physics mentors, working within local "Inquiry Kernel" 
communities.  

The actual implementation of authentic physics inquiry within school settings involves many challenges due 
to logistic, administrative and pedagogical constraints (Hammer, 1997). This has resulted in relatively short term 
inquiry projects that can be completed in several school sessions.   Clearly, sustainable inquiry requires effective 
learning environments (AP Manual, 2015, p. 121), yet "Supporting Inquiry based teaching and learning" (AP 
Manual, 2015, p. 143) fails to mention the requirements of long-term advanced inquiry projects.  

Professional scientists work in dedicated labs, and science research culture is based on constant 
documentation. Long-term inquiry projects require physical and virtual storage spaces. School science teaching 
culture does not foster long-term documentation and reflection. While students may enjoy experiencing interesting 
physical phenomena and hands-on activities, they are neither trained nor inclined to document their experiences for 
future reference. Students are not sufficiently aware of short-term memory limitations and lack the required long-
term "world view", possibly due to their age and inexperience. 21st century students have ample experience of 
searching the web for information. "Googling" is the default method for finding materials and answers, but 
effectively organizing collected items requires specific training and practice. Even if students store the retrieved 
content, its usefulness may be limited due to lack of systematic organization.  

Performing Inquiry Projects involves collecting considerable and varied documentation, which may or may 
not appear in the final report. The internet is an "ocean" of information in all formats, much of which is freely 
available. The ubiquitous availability of smart-phone digital cameras means that project teams can capture physical 



 
 

systems, texts, screen views, talks and dynamic events quite effortlessly (Langley & Arieli, 2010). Long-term 
advanced student inquiry projects require continuous documentation, supervision and mentoring. This can be 
particularly challenging for instructors coaching a large number of diverse projects, with limited face-to-face contact 
time. Students may choose to document relevant information (such as physics theory, experiment design and 
analysis and work plans) using various documentation tools and spaces such as written text in a notebook, audio-
video or still photos in their smartphone or camera, text or visual files saved on the computer, flash drive or cloud. 
Due to the diversity of student-selected documentation spaces, instructors are unable to track the process and 
progress of the inquiry projects and to promote recommended content and format of the evolving final product. 

The need for providing and organizing shared documentation spaces for inquiry has long been recognized, 
and Information Technology has been harnessed in different ways to achieve this goal, including dedicated, custom-
made software such as Thinker Tools (White & Fredriksen, 1998), WISE (Slotta, 2004), Multi-User Virtual 
Environments (ChanLin, 2008; Nelson & Ketelhut, 2007) and more general Learning and Knowledge Management 
tools such as Moodle (https://moodle.org). The potential of mining LMS data for monitoring student activity is well 
known (e.g. Dawson, McWilliam & Tan, 2008; Macfadyen & Dawson, 2010; Mazza & Dimitrova,  2004). The 
contemporary culture of "sharing" (so common in social networks), may not be suitable for Inquiry projects. Along 
with the advantages of collaborative documentation spaces, it becomes necessary to consider the required 
restrictions for safe-guarding student privacy and preventing unauthorized appropriation of materials. 

In this paper we suggest using LMS-based, dedicated "Inquiry Project" (IP) sites as sustainable, virtual 
spaces for information storage, communication, monitoring and feedback. LMS-based sites provide the instructor / 
mentor with windows into team activity and progress, facilitate timely access and comments and reduce the need for 
"intrusive" communication channels (phone, social media, e-mail). Effective organization of information items can 
be modeled by the instructor in the main course site, and by creating a skeleton advance-organizer in the IP sites. 
Restricted access to inquiry-project sites protects team privacy and prevents unauthorized copying of materials. 
While the potential of the virtual storage spaces may be clear it does not ensure that students will make the expected 
timely use of them. Systematic documentation depends on a conviction about its necessity, which may be lacking 
during the initial, "messy", trial and error stages of authentic inquiry. A particular deterrent may be student concern 
about uploading incomplete or unedited materials open to instructor scrutiny.  Clearly, instructors should provide 
students with training and constant encouragement to make full use of the provided spaces.  

The current study attempts to describe and interpret the ways student teams have been using their IP sites 
during the final year of the Inquiry Physics program, based on a variety of data sources, such as the content of a  
sample of IP sites, Moodle generated reports and data analytics and student response to a recent questionnaire.   We 
will address research issues such as different student response patterns and practices in the provided spaces, students' 
attitudes to the recommended documentation process and the utility of the IP sites for instructor monitoring of 
progress. 

 
Instructor Modeling of a Moodle Site 

The Inquiry Physics class, now in its third and final year, has used the Moodle LMS as an instructor-designed 
space for "posting"/ publishing notices, instructions, assignments, physics information resources and photos since 
2016. The instructor site was organized in chronologically ordered, content/activity specific sections.  The materials 
in the course site were almost exclusively instructor generated, with student presence evidenced in closed-
assignment submissions or participation in shared documents. Email formed an alternative communication channel 
for disseminating schedule updates and personal communication with students. Participating students were directed 
to the program site to view activity instructions and physics and technology content files, to submit assignments and 
to contribute to shared documents. Students had many opportunities for grasping the concept of an organized 
knowledge and information repository, enabling efficient retrieval and dynamic updates and  for practicing the 
technical procedures required to perform actions in that digital space. 

 

Inquiry Project Sites 
The need for Inquiry Project specific spaces arose in the second year of the course (January- May 2017), 

when mini-projects were allocated to teams of 1-2 students and 1-2 trainee-mentor teachers participating in the 
Inquiry Physics teacher training course (Langley, 2017).  17 Inquiry Physics Moodle sites were constructed, with 
varied action-permission assigned to the trainee mentors and to the student teams, in keeping with regulations 
regarding shared student and teacher sites. The sites had an identical initial structure, and students were able to 



 
 

upload files into given forums. More advanced changes in the site could be performed by the trainee-mentor or with 
his permission. After the mentorship ended, students would continue using these sites for their research until the end 
of the course in June 2018. 

Each Inquiry Project site is a separate unit within the Moodle LMS. Access is enabled by user identification 
and protected by a password. Users are assigned different roles (manager, teacher-editing and non-editing, student or 
guest), involving different authorization levels. Activities within the site can include accessing a discussion forum, 
reading a file, uploading or deleting a file, adding or deleting a forum or a course block and shifting items. The 
system monitors and records all activities within the site and these data can be extracted via system generated 
reports. The reports contain links reaching back to the specific actions.   

The initial set up of the individual IP sites consisted of 5 sections, each including a discussion forum, where 
files could be uploaded: A Photo Album; Inquiry topic - Scientific & Technological background; Q&A about 
inquiry topic; Inquiry topic experiments; Inquiry action plan. From the beginning of the 2017-18 school year (after 
the mentorship period ended), it became necessary to facilitate the addition of new sections in the IP sites by the 
students, without violating official regulations. This was achieved by allowing students to activate desired options 
from within the course instructor's LMS, under his supervision, during course sessions. 

While the initial structure of the IP sites directed teams to store generated and accumulated content in 
separate category sections, it has now become necessary to signal the beginning of consolidating the materials into a 
single section towards the final examination several months ahead. This has been achieved by adding a new section 
"Final Project Portfolio and Presentation", at the top of the previous structure. 

During the 12 month period since the uniform general structure IP sites were set up, student teams have 
transformed the sites' appearances.  Noticeable differences in the quantity and quality of added resources and their 
organization are clearly visible. One of goals of the current study is to discover how the students have utilized these 
dedicated digital spaces to organize their work and findings and progress with their inquiry projects. This will be 
achieved by utilizing data collected through the Moodle LMS activity monitoring and recording mechanisms.  

 
Tracking Inquiry Project Site Activity – from Systematic Browsing to Moodle Analytics 

Tracking Inquiry Project (IP) activity can be performed by direct observation of changes within the site, such 
as observing the sequence of files that were uploaded to a discussion forum. However, this can be quite tedious as it 
involves browsing through all the forums. Using the Reports option in the Course Management tab, one can request 
a "diary" for a specific date, specific user and specific activities. A table is presented, specifying the time and 
activity type and providing a link to the relevant site area. Since the system records every user "click", one needs to 
look for the specific action of "certain content was published" to lead to an uploaded file. Using the Diary option is 
useful for describing the activity of the team partners. Do they take turns in uploading material to their IP site? Or 
does one team member take more responsibility for this task? It is important to note that the system identifies users 
by their ID and password, and once the site was accessed by one partner, the person actually performing the actions 
could be the other team member.  

Gaining a comprehensive visual record of activities within the site for a given period can be achieved by 
requesting a "statistics" report. The chart shows the level of the selected activity at weekly intervals during the 
required period of weeks or months. The most relevant activity for the purpose of the current study was 
"publications" by users. User roles are colour-coded (e.g. green for students), providing a direct indication of student 
activity. The data are also presented in table form below the chart, with links to the activity diaries. Two points need 
to be made about interpreting the data display: a. The number of "publication actions" includes all the actions 
involved in uploading a data file (e.g. accessing the forum), therefore it far exceeds the number of uploaded files. b. 
Since the chart shows the accumulated events for the week ending on a specific date, retrieving the particular 
uploaded files through the Diary record can be quite tedious, because the identity of the "uploader" and the specific 
date are not known.   

Sample Inquiry Project Site - Project 15 , January 5th 2018 

Project 15 is run by A & L, two intelligent, dedicated and conscientious girls inquiring into wireless transfer of 
electromagnetic energy. IP 15 site is constructed of the standard 5 sections, as set up by the class instructor. Each 
section includes several forums, containing one or more files. 

The three month activity chart (Fig. 1) shows 3-19 "publication events" at weekly intervals since the end of October 
2017. Clicking on the "diary records" leads to the "publication" details for each week. The possible actions are: 
creating, displaying, updating, and deleting. For example, on December 23rd, 5 "creating" actions were recorded, one 



 
 

of which was updating the concept map for Electromagnetic Induction. On November 24th, 12 events were recorded, 
6 of which were "creating". We found 2 "publishing" events 
of experiment designs: Changing the capacitance in the 
RLC circuit, and changing the angle between the two coils. 

 The "Project Background" section consists of 4 discussion 
forums: Project background; Timeline; Concept map; 
Parameters.  

 The "Planning Experiments" section consists of 5 
discussion forums: Planning Experiments; First 
experiment: Understanding the material (various basic 
experiments); Second experiment (regular emf and 
induced emf); Third experiment (induced emf and speed); Fourth experiment (answers to questions, experiment 
collection).  

 The "Work plan" section is a single forum containing 3 files. The last file is a detailed plan for several weeks 
ahead.   

 The "Photo Album" section contains over 40 images of experimental set ups, some taken using the "Whatsapp" 
application. The photos have no captions, and it is not clear when they were taken.  

 
 
Activity Charts as Indicators of Inquiry Progress  

One of the instructional challenges for the teacher in charge of a large number of projects is timely 
monitoring inquiry progress and identifying problematic situations. The instructor has some opportunity to observe 
the teams' performance during sessions and assess their 
level of progress. However, students may seem to be 
on-task, busily constructing experiment systems or 
performing measurements, but these actions do not 
consolidate into a significant step forwards along the 
planned inquiry road map. The accumulated data 
remain scattered in various storage devices. The LMS 
"publication activity" chart can be used as a quick 
indicator of data acquisition and organization.   The 
following 3 "publication activity" charts over a 3 
month period, tell different stories about the evolving 
IP sites, compared to the one seen in IP15 (Fig 1). The 
IP14 chart (Fig. 2a) clearly indicates a worrying lack of 
consistent IP site activity. For 8 out of the 13 weeks no 
"publication activity" occurred. The activity diary 
shows that during November, "A" uploaded 3 reports 
in the Experiments section, about measuring magnetic 
fields and the effect of a changing external magnetic 
field. On January 14th "M" published 5 web-based files 
dealing with mathematical derivation of magnetic 
fields of various electrical systems. 
The impression created by browsing through IP14 site 
is of sporadic publication of material, possibly in 
response to the instructor's directives. At present the 
inquiry issue still lacks formulation, and a general road 
map of progress needs to be sketched out. There is a 
possibility that the students may be documenting their 
work in other forms, and may be reticent about 
publishing documents, especially given their known 
language difficulties.  However, the lack of photos in 
the designated photo album indicates issues of 

Figure 1:  15 Project   weekly publication events 

Figure2  a: IP 14  

Figure2  b: IP 1  

Figure2  6c: IP 1  



 
 

application and commitment. There is good agreement between the activity and progress as represented in the IP site 
with the actual progress of these students with their inquiry project as evidenced by their attendance and work 
during the sessions.  

 
Type of Materials in IP Sites 

Materials uploaded to the IP sites originate in several sources: Web-based files, digital instrument files and 
student generated files.  
 Web based materials include text and graphics files (physics theory, derivation of formulas and technological 

implementations) and videos of systems or phenomena. Academic resources are retrieved via Google Scholar 
using relevant keywords (a skill demonstrated and scaffolded by the instructor).  

 Digital measurement devices (Clicker, Audacity and Fourier) and data analysis software (Excel) produce output 
files containing quantitative and visual representations in tables and charts.  

 Student generated files include camera images of experimental set ups, images of notes written by the students or 
by a mentor, on paper or the whiteboard, computer screen shots, concept maps, lists of Questions and Answers, 
experiment reports or other summaries.    

 
The Quality of IP Site Materials 

Browsing through a sample of the 16 IP sites reveals a considerable diversity in the completeness and 
correctness of content in the student generated files. The sites contain laboriously compiled lists of questions and 
answers about the inquiry topic, comprehensive and intricate concept-maps and rich photographic documentation. 
Some of the experiment reports are well-designed, containing the traditional sections on inquiry question, 
hypothesis, theoretical background, experimental set up, data collection and analysis.  Other experiment reports are 
mere skeletons, lacking substantial content.  We have encountered some examples of scientifically mistaken 
statements used as a basis for experimental design or explanation of results. At first this evokes an uneasy feeling of 
lack of timely corrective instructor feedback. However, it is important to view errors as natural components of 
learning to apply school knowledge in unpracticed physical environments. Authentic inquiry projects are intended to 
gradually build student independence and responsibility, in a friendly, non-judgmental environment. The IP sites 
need to be seen as private spaces in which it is permitted to scatter incomplete, "unpresentable" products during the 
long process during which the final product is crystallized and polished. The IP sites enable the instructor to be an 
unobtrusive observer, gaining awareness of the quality of student knowledge and performance and choosing the 
appropriate time and manner of addressing problems that emerge during the inquiry process. 

 
Student Attitudes and Practices – Questionnaire Analysis 

 An anonymous questionnaire was administered around the end of January 2018 to the 26 course participants, 
with the purpose of collecting data about student practices and attitudes regarding the use of the IP sites.  The 
questions probe ways students communicate with project-related others, how they record and document their project 
work, actions they perform in their project site, their attitudes towards various aspects of the project sites,  their 
preferred feedback channels, and the use of the main course site. Following are the results of a selection of 
questionnaire items for 22 student responses. 
a. What is the distribution of documentation practices? 
The most common practices are photographic documentation of experiments and saving digital measurement data 
and other files to student devices. The occasional capturing of written text is also popular, possibly as a format that 
will later be transcribed into a digital file. 
b. What proportion of documented materials has been uploaded to the site? The answers indicate a variation in the 

rate of uploading documentation materials. None of the teams has uploaded all its documentation. 6  teams have 
uploaded most of their materials, and the rest have uploaded half or less of their materials. 

c. What are students' attitudes towards the IP site? There is general agreement that the site structure is compatible 
with the documentation needs, and that it enhances project management. However, the affective attribute of 
independence and control is only partially endorsed by the students.  

d. Show-case space or Private work space? For most of the students, the inquiry site is a work space, where 
incomplete documentation is stored (60%), revisited and checked and updated (90%).  This is echoed in the 
students' grading of their feeling "safe" vs. "worried about criticism", averaging 4.1 on a scale between 1=very 
worried and 5=very safe.   

 



 
 

Summary and Implications 
Long-term, authentic Inquiry Projects for high school or college physics students require pedagogically and 

technologically supportive environments. In this paper we have focused on the issue of facilitating systematic and 
well-organized storage of varied documents which will serve as the raw material for the final project report as well 
as objects for reflection and improvement. The technology chosen to support this process is the Moodle LMS, with 
which the students are familiar through instructor modeling. The innovation is in constructing separate LMS sites for 
each project, with access restricted to instructor, inquiry team and other professional mentors. This arrangement 
safeguards students' privacy and prevents unauthorized appropriation on material. The IP sites are instrumental to 
the instructor who can unobtrusively browse through the sites, monitor progress, and detect problems to be 
addressed in face-to-face meetings. Naturally, the instructor can respond in the site, making comments or suggesting 
future action. 

Student inquiry project sites can provide insight into many important project management issues, such as 
Compliance with instructions (performance level and timeliness); Project progress (planning vs. random action; 
advancing vs. stagnation/ idleness); Documentation practices; Student resources; Team collaboration and roles (Who 
uploads documents?); Academic literacy (Language and style); Student attitude and  development; 

Our study has presented some examples of IP site structure, and its evolution from the initial instructor-
defined form to a student-team's designed form. We have shown the varied types of materials students have 
uploaded during the course of their inquiry efforts, and reflected on appropriate instructor reaction to instances of 
incomplete or incorrect documentation. We have demonstrated how student activity (particularly that related to 
uploading new materials) can be displayed as weekly activity charts, using the Moodle "statistics" reports.        

Browsing through the IP sites, especially during the early inquiry stages, it is important to understand that 
one sees only a partial view of the inquiry documentation and progress. There is a natural time-lag due to the gradual 
and selective process of uploading materials, even in the face of constant instructor encouragement and reminders. 
The interim questionnaire results have shown that at a given moment, there is a variation in the proportion of 
uploaded documentation materials in different teams.      

Students are accustomed to having separate documentation spaces regarding instructor scrutiny: a private 
space (e.g. a personal note book or photo album), and a presentation space (e.g. submitted work-sheet, essay, or lab 
report). Naturally, the documents submitted to the "presentation space" undergo editing, comply with deadlines, and 
contribute to the students' grades. However, documents in the private space are often incomplete, contain errors, and 
lack visual or content organization. The project instructor may urge students to keep tidy records, and provide 
examples of "good practice", but actual implementation is left to the students. The state of documents in the private 
space depends on the students' general habits of orderliness and on the stage of the project. Inquiry projects go 
through prolonged "messy" stages, during which materials may be collected and stored haphazardly, without clear 
indication of how they will fit into the final product.     

The IP sites set up by the instructor present the students and the instructor with a certain dilemma. Students 
may be hesitant to upload unpolished materials, possibly containing errors, because they are concerned about the 
negative impression this may create and the possible detrimental effect on their assessment. They may decide to 
store these materials in private storage devices, in an unstructured manner which will negatively affect retrieval. 
Alternatively, the students may decide to take advantage of the structured space the IP sites provide and upload 
partially complete materials, confident that this is a safe space and that interim products will not be judged.  

When the instructor encounters problematic documents showing poor understanding and weak inquiry skills, 
a classical instructional dilemma in environments of discovery learning arises (Hammer, 1997). Should the 
instructor consider this a "draft" document, which students intend to revisit and repair? Should the instructor 
immediately provide written or verbal feedback, criticizing the students' work and indicating how the inquiry should 
be done, or should he wait for the time the students become aware of their errors through further experiments or 
instructor provided examples?  Our experience indicates that patience in such cases is a virtue, and that the instructor 
will find opportunities to guide the students in the desired direction. The important thing is frequent monitoring and 
interacting with the students' during activity sessions. 
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