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Abstract. The course Project lab at the University of Ljubljana, Faculty of mathematics and physics, 
aims at developing scientific abilities of students in an environment, which simulates an authentic 
research setting (Planinšič, Eur. J. Phys., 2007). First and second year students in groups of four to 
five solve open-ended experimental problems and submit a report in the form of a web-page. 
Students use Scientific Abilities rubrics during their work, and instructors use the same rubrics to 
evaluate their reports, helping them to improve the reports until they meet agreed criteria. Most 
of the rubrics are translated Rutgers Scientific Abilities rubrics (Etkina et al. Phys. Rev. ST-PER, 
2006), but rubrics for the evaluation of web-reports were developed by us. The use of rubrics 
significantly reduces the workload on the instructors and at the same time increases the quality of 
student reports. In the contribution, participants will have an opportunity to familiarize themselves 
with the rubrics and their use. 
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INTRODUCTION 

Laboratory work is central to physics and should be, therefore, central to physics education 
as well. Otherwise students might get the wrong impression about what physics is [6,7]. 
Learning only via lectures could give the impression that physics involves finding someone who 
knows more than you and getting them to pass the knowledge to you. Even traditional 
laboratory work is usually aimed at ‘proving’ that what the theory says is true. When, in fact, 
physics is more about discovering new knowledge or applying old knowledge to solve new 
problems. These two central activities of physicists can be best introduced via project work. But, 
project work is at least in some part open ended and, therefore, a difficult activity to assess, 
because the outcome is not entirely predictable. In this context, rather then assessing the 
outcome, one might try to assess the process that led to the outcome. These are the actual skills 
that relate to the scientific method and the scientific competences. A way to assess the process 
is to use rubrics. In the following sections, we describe the course Project laboratory at the 
University of Ljubljana Faculty of Mathematics and Physics, Slovenia, where we use rubrics. Then 
we describe the rubrics and their use. In the end, we give a short report on the efficiency of the 
rubrics compared to other assessment tools that we have used in the past.  
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PROJECT LABORATORY  

"Project laboratory" is a course at the University of Ljubljana Faculty of Mathematics and 
Physics offered to first and second year students [4]. The course is based on open-ended tasks 
that help students develop science competences that are also in line with educational 
recommendations in Europe and the USA [2,3]. Students work on open-ended experimental 
physics problems. They have three three-hour laboratory sessions over three weeks to solve the 
problem. After that, the students have another two weeks to prepare and submit a report in 
the form of a web page. This report is assessed by the teaching assistant and returned to the 
students to revise and improve. The iterations continue until the report is deemed acceptable.  

THE SCIENTIFIC ABILITY RUBRICS 

Rubrics are a common tool in the USA, and much research on their use and development can 
be found in e.g. [8,9,11]. The Scientific Abilities rubrics have been developed at Rutgers 
University, NJ, USA [1] and are freely available online [5]. The authors of [1] use the term 
scientific abilities instead of science-process skills to underscore that these are not automatic 
skills, but are instead processes that students need to use reflectively and critically. Each rubric 
is a table that represents a broad scientific ability. 

 

FIGURE 1. A sample of a rubric. This rubric is for an observation experiment. Taken from [5]. 

The rubric in Figure 1 assesses the ability to design and carry out an observational 
experiment. The rows represent sub-abilities. In the first column of each row there is the 
description of the sub-ability. The other columns describe the level to which a sub-ability has 
been developed. In the cells of the table, there are short descriptions of the activities that 
represent evidence that the sub-ability has been developed at a particular level. The most 
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important is the last column, which represents the evidence that the ability has been adequately 
developed. The descriptions in the cells of this column are used as guidelines to describe what 
is expected of the students.  

The descriptions in the other cells are examples of evidence that the sub-ability has not been 
adequately developed yet. It is impossible to list all the possibilities. In our experience, it is best 
to list the ones that are encountered most often. These cells should give the students an idea 
about what could be inadequate, but the students will sometimes need to spot the exact 
problem themselves.  

The Rutgers rubrics use a four level scale to generically describe the level of development of 
a sub-ability. The first level represents the sub-ability not being present. The students do not 
know that they are supposed to do what is described in the first column. This is scored 0. The 
second column represents the level 'inadequate'. Students know that they have to do something 
related to the sub-ability, but not exactly what. This is scored 1. The third level represents the 
level 'needs improvement'. Students know what to do, but not exactly how to do it properly. 
This is scored 2. The last level is 'adequate'. Students know what to do and how to do it. This is 
scored 3. In the cells in the columns of 1 and 2 points, there are examples of the most common 
shortcomings that can result in a particular score. Again, it is impossible to list all the possible 
shortcomings, but what is listed should give the students an idea of what is expected for a 
particular score.  

The rubrics’ main purpose is to be a self-assessment tool. Students are, therefore, presented 
with the rubrics at the beginning of their project, and are encouraged to consult them often 
during the project. This use of rubrics is very important, since it gives the students guidance 
about how to proceed through the project, while still leaving the project open ended. This is 
very different form any guiding questions that might be used for the purpose of guiding the 
project. Most questions assume a certain path taken by the students and a certain intermediate 
outcome. The rubrics do not require any such assumptions. 

A typical setting would involve students being given a task, where the wording of the task 
would describe the phenomenon with the minimum necessary details for the students to be 
able to reproduce it. The wording would usually end with “investigate how the … depends on 
the relevant parameters.” 

The students would then consult the rubrics. The last column of the rubric in Figure 1, as an 
example, guides the students to describe the phenomenon, design an apparatus that will enable 
them to make measurements, determine the independent and dependent variables, be able to 
describe how to perform the experiment, identify the shortcomings of the set-up and suggest 
improvements. It further guides them to pay attention to any observed patterns, and attempt 
to describe them mathematically. In the end, it guides them to suggest an explanation for the 
phenomenon.  

Besides the rubric in Figure 1, there is a rubric, which focuses on the ability to properly 
analyse data, and another rubric, which focuses on the ability to present the findings. There are 
also two more rubrics for two more types of experiments. In the context of the Rutgers rubrics, 
experiments are divided into three types. Observation experiments are used primarily to 
observe patterns, identify new phenomena, and search for explanations (the rubric in Figure 1). 
Testing experiments are used to test hypotheses. The best testing experiments are such that 
different hypotheses predict different outcomes of the same experiment. Based on the 
outcomes one can then differentiate between the hypotheses. Application experiments are 
experiments where previous knowledge is applied to solve a problem. For the needs of Project 
laboratory, we have also developed two more rubrics: a rubric for the ability to write a web 
report and a rubric for the reflection on the acquired knowledge and skills.  
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OUR EXPERIENCE WITH THE RUBRICS 

In this section, we describe our experience with using the rubrics. We observed three 
separate changes after their introduction: The workload on the evaluators decreased, the 
quality of the reports increased, and our experience enabled us to construct and efficiently use 
our own rubrics for different contexts. Here we discuss the first two and give some notes on 
what we learned about the development and use of rubrics.   

The evaluation efficiency 

The introduction of the rubrics reduced the average time of evaluating the report at least by 
a factor of three. First, the number of words used in a feedback was reduced by a factor of six. 
Before the rubrics, every shortcoming had to be described and explained, also what is adequate 
had to be explained in the feedback. With the use of rubrics, only the score on the sub-abilities 
are given. Students must figure out for themselves what they need to improve. They can ask the 
evaluator, but before the question, they must explain what they have thought of themselves. 
Since the reports are returned to students until all the sub-abilities are scored adequate, this 
usually involves at least three iterations. With the introduction of the rubrics, the number of 
iterations slightly increased by a factor of 1.7. The total decrease of the workload is then by a 
factor of three at least.  

In terms of the actual time spent on a report we only have an estimate. The reports can be 
quite extensive, so it takes about 20 minutes to read through them, paying attention to all the 
figures and equations. This time cannot be reduced. After this, it takes about ten minutes to 
give the grades on the sub-abilities and maybe another five minutes to write the feedback. So 
the total time spent on a report can be estimated at about 35 minutes. Previously, again based 
on our rough estimate, the time was closer to 90 minutes with all the detailed feedback that 
had to be written. So again, a reduction by a factor of approximately three can be seen. It should 
be noted that the reduction is smaller for a novice evaluator, before they become familiar with 
the use of rubrics.  

The quality of the reports 

The quality of the reports increased with the introduction of the rubrics. To asses this, we 
randomly selected a number of reports which have already been scored as sufficiently good in 
previous years by the same evaluator, and they have been evaluated again with the rubrics. 
Only one of the seven selected reports scored adequate on all sub-abilities. All the rest would 
have to be returned to the students to be improved, based on the scores on the rubrics.  

Notes 

We have learned a great deal about how to properly write and use rubrics. First, the Rutgers 
scientific abilities rubrics are a very good template to start from. They are validated and well-
researched. We attempted to shorten the rubrics, but their effect was diminished, therefore we 
decided to use the original rubrics, translated, instead.  

Second, we have learned that it is very important to list the 'adequate' column in great detail, 
since students use it as guidelines about what needs to be done and also as reference for what 
has possibly not been done properly, if the score is below adequate. This observation has been 
noted also in [8].  
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Third, we realized that it is easier to assess the reports, if the descriptions in all the other 
columns are not too specific. If they are very specific, one finds oneself checking carefully under 
which category a specific shortcoming is listed, so that it would not give the wrong feedback to 
the students. In contrast, a judgment of ‘inadequate’ or ‘needs improvement’ can be made 
much quicker. However, it is important to list the most common shortcomings that result in a 
particular competence level. This finding is also noted in [8]. 

Fourth, we learned that it is very advisable to have training in the use of rubrics for both the 
students and the evaluators. Someone already familiar with their use should score a report with 
a novice to show the proper way of scoring. The trend of scores by different evaluators matches 
well anyway. They generally agree about something not being adequate, but they sometimes 
disagreed on whether it is inadequate, or needs improvement. Experience from Rutgers 
University, and elsewhere [1,10,11] is clear that reliability - scores independent of evaluator - 
can only be achieved through the training of the evaluators. 

CONCLUSION 

We described a course at the University of Ljubljana Faculty of mathematics and physics, 
which is based on open-ended project problems for students. We described the use of rubrics 
to evaluate the students’ reports. We showed that the use of rubrics reduced the workload on 
the evaluators while improving the quality of the reports. After the course, students are 
required to write a reflection on what they have learned. They are not specifically asked to write 
anything about the use of rubrics, but some reflected on this topic, too, and following are some 
quotes, translated from Slovenian: 

"… The rubrics were also useful, because they contain all the important elements of 
experimental work such as assumptions and experimental uncertainties …" 

"… When writing the report we had to consider all the experiments again and all the details 
that could affect the results, … I learned a lot while thinking about all the parameters, such as 
control variables and experimental uncertainties, and even more about considering them in 
general. In doing this the rubrics proved to be very useful …" 

"… I think the basic idea of the course is very good, also the srubrics were very carefully 
designed and proved to be very helpful in our work…" 

Based on these spontaneous comments, it appears that the rubrics were appreciated also 
by the students, because they provide very clear description of teacher expectations and also 
guidelines for how to meet these expectations, features noted also in [11] as features that 
contribute to the enhancement of learning.  
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