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Theoretically and Empirically Based Evaluation of Laboratory Courses – PraQ 
Questionnaire 

Daniel Rehfeldt , Volkhard Nordmeier  
Physics education research, Freie Universität Berlin, Germany 

Abstract 
Since 1999, when the Bologna Process was introduced, a claim for permanent screening of learning outcomes of 
higher education has started. Nevertheless, evaluation nowadays is mostly not based on theoretical models, and 
rarely accepted by participants.Two theoretically based psychological test instruments were created at FU Berlin 
in order to change this. Unfortunately, they ignored science laboratories. Keeping the significance of lab courses 
in mind, e.g. for enhancement of experimental competences, the theory based evaluation of those would clearly 
fill a gap. Therefore we constructed a theoretical framework and an economically usable questionnaire called 
PraQ.The questionnaire is based on a theoretical model for lab quality, containing three main dimensions: (a) 
learning gains, (b) teaching practices of tutor and (c) lab material. PraQ consists of 140 items in 40 scales, 
divided into two questionnaires (15min each). PraQ-A measures the growth in content knowledge, scientific 
inquiry practices, communication etc. PraQ-B consists of teaching practices of lab tutors, with abilities like 
explaining properly or summarizing. Furthermore it contains the material-dimension, which covers the lab script, 
integration and basic experimental material. Analysis of the piloting data demanded an exploratory factor 
analysis for new and highly modified items and scales. Our data source for piloting consisted of several science 
labs across Germany, including different disciplines and different universities, resulting in NA = 241, NB  = 237. 
We could show an eight-factor solution very close to the intended structure, having good reliability among the 
scales. Therefore, PraQ questionnaire now can be used widely for research on labs while additional validation is 
still in progress. 

Keywords 
Science labs, evaluation, lab theory, PraQ, LeKo, BeVakomp, experimental practice, experimental competences. 

Purpose of the questionnaire: Evaluation is crucial 
 
Since 1999, when the Bologna Process was introduced, a claim for permanent screening of learning outcomes of 
higher education has started (Friedrich, 2005; Hopbach, 2007). Higher education should crucially become more 
competence oriented in terms of educational output, especially in science education at university level. 
Nevertheless, nowadays common evaluation is mostly not based on profound theoretical background, and rarely 
accepted by participants (Csonka, 2014). As Marsh & Roche, (1997, p. 1) state, “adopting a broad construct-
validation approach, recognizing […] effective teaching […]” is needed. 

Academic relevance: Gap of Knowledge 
 
Lab courses are the core of experimental training in science education (Psillos & Niedderer, 2002). Keeping this 
in mind, the theory based evaluation of those courses would clearly fill a gap. They aim to teach experimental 
practices (e.g. Schreiber, Theyßen, & Schecker, 2012) – an essential part of further studies and the future work 
of the students. 
In order to achieve a more theoretically based evaluation of university courses in general, two theoretically based 
psychological test instruments, called LeKo (Thiel, Blüthmann, & Watermann, 2012) and BeVaKomp (Braun, 
Gusy, Leidner, & Hannover, 2008), were created, aiming at lectures and seminars of all subjects. 
Unfortunately, they ignored science laboratories for their theoretically based and comprehensive research.  
Severe differences between science labs and classic lectures or seminars might be the cause for that. Labs are 
well organized courses, in which participants often have a weekly repetition of their expected actions within the 
course. It starts with the preparation at home with a lab script. This preparation is crucial for passing the oral pre-
exam at the beginning of lab attendance. Moreover, experimental groups are small with a good staff-student-
ratio, which enhances the relevance of good teaching practises by the lab teachers, e.g. regarding diagnosis of 
learning gains or proper explanations of the apparatus used. 
Nevertheless, the LeKo and BevaKomp questionnaire build a knowledge base for constructing a theoretically 
grounded instrument for labs. LeKo consists of several self-reporting scales regarding teaching competences of 
lecturers and seminar leaders in higher education. These teaching competences consist of pedagogical as well as 
didactical dimensions of teaching in higher education. Some of these might be important for lab teachers, too.  
BEvaKomp evaluates lectures and seminars from another perspective, looking at the gain of (meta-) 
competences of the students due to the respecting course. This is also realized by self-reporting scales. The 
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(meta-) competences are oriented on higher education key competences (Braun & Gusy, 2006), such as content 
knowledge, methodical competence, cooperation competence, personal competence etc. Some of these 
competences might associate with laboratory goals as well. Both instruments were theory-driven and evaluated 
empirically. 
In general, evaluation forms are often realized as self-reporting scales, opening the question for the validity of such 
measures. As discussed by Braun et al. (2008, p. 32), a valid measure is reached by testing for construct validity of 
the instrument, which demands for a validation study. Following Messick (1995, p. 745), construct validity as a 
global concept can be divided into different aspects: content, substantive, structural, generalizability, external and 
consequential aspects. The content aspect means the content of a questionnaire being representative to the topic 
being measured. Substantive aspect is about, whether the assessment task itself takes the participant to think about 
the constructs measured. Structural aspect investigates how the relationship between scoring structure and latent 
structure behaves. Whether or not such structures or interpretations can be generalized across target groups is the 
task of generalizability aspect.  
New instruments have to be tested, whether they correlate with existing measures. This is part of the external 
validity aspect, divided into convergent (similar construct measured) and divergent (distinct construct measured) 
sides. Finally, if instruments are implemented in evaluation regularly, it is important to look for consequential 
aspects, meaning, if actions based on the results of the measurement are fair and unbiased. 
When those validity criteria are met, we can assume quite good validity, which is not effected by the method of 
self-reporting measurement too much (Lucas & Baird, 2006). For a broader discussion, see Braun et al. (2008, p. 
32f). 
Their validity is one reason, why LeKo and BEvaKomp were successfully applied at universities, especially for 
lectures and seminars, and now replace the standard evaluation form university wide.  
Our goal was to construct a theoretical framework and an economically usable and valid questionnaire. Our 
target group are undergraduate lab participants, since those courses are the first step during science education at 
higher education for gaining experimental skills. Furthermore, the concept of undergraduate courses is more 
comparable than advanced ones among universities. 
Aiming on a theoretically and empirically based evaluation instrument, two things are needed, (1) a literature 
and expert-validated theoretical model and (2) an empirical validation study. 

Theoretical framework: A model for lab quality 
 
Our theoretical framework is a model for lab quality, which was based on literature review in the first step 
(Rehfeldt, Mühlenbruch, & Nordmeier, 2015). We found several equalities in the organization of undergraduate 
labs and literature also mentioned equalities on a content oriented basis (Gutzler, Rehfeldt, & Nordmeier, 2014). 
For instance, labs share similar goals (Haller, 1999; Zwickl, Finkelstein, & Lewandowski, 2013), the discipline 
contents overlap (Lagowski, 2002, p. 1) and there is even an international consent for a »prototypic culture of 
experimental investigation« (translated from Emden, 2011, p. 34). Therefore, our theoretical model should aim 
not only on physics, but also on undergraduate science labs in general, e.g. chemistry or physiology labs.  
Our model contains three main dimensions: (a) learning gains (growth of competences), (b) teaching practices 
of tutor and (c) lab material, with a learning-theoretical influence of quality of learning environment and 
teaching practices on learning gains. Figure 1 shows also the respective sub dimensions: For learning gains, 
content knowledge is a standard goal for lab courses, as are inquiry practices in general, since no other 
undergraduate course works with own experience in the experimentation process that much. Communication 
competence, e.g. written communication, is targeted by labs, since lab reports are sort of the first academic paper 
a student has to write. The sub dimension Assessment is based on the assessment of adequacy, plausibility and 
validity of experimental results required for lab course (Kreiten, 2012), which accounts for critical interpretation 
of your own experimental results and its implications.  
Some meta-skills potentially gained in the lab course are cooperation and personal competence. Cooperation is 
fostered by lab courses, since experimental groups are small and work together the whole time of attendance. 
Personal skills consist of motivation for labwork and time management for being able to plan the preparation at 
home, the lab attendance and the post-processing, which all are quite time consuming and therefore train time 
management skills. 
The teaching practices are divided into three sub dimensions, which represent the basic teaching skills a lab tutor 
should have. On one hand side, these are the more didactical dimension supporting knowledge and learning, e.g. 
explaining, repeating, linking etc. (Thiel et al., 2012). On the other hand, a more pedagogical factor is to 
motivate and create a learning atmosphere, e.g. promote self-guided learning, illustrating relevance etc. (ibid.) 
and to promote interaction of groups, e.g. handling disruptions (ibid.), diagnosis of learning process (Ditton & 
Merz, 1995; Janke, 2006) etc. 
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Figure 1. Theoretical model of lab quality. The three main dimensions are learning gains of the students (competences), 
teaching practices of the lab tutor and quality of the learning environment. Together with their respective sub dimensions, 

these build a model for evaluating quality of lab courses. Since learning environment and teaching practices are expected to 
influence learning gain, the letter one is seen as the main dimension of quality.

 
Regarding the learning environment
11) and Nagel (2009, p. 116) point out that quality of lab script has an impact on learning quality in lab courses, 
since it is the main source for the students’ preparation at home. Integration of lecture was defined as crucial by 
Fraser & McRobbie in 1995, meaning the extent to which lab activities are integrated with lectures, which is 
quality criterion for the global goal of linking theory and practice 
The three main dimensions with their respective sub
from three different quality perspectives: Material input, teaching input and learning output.
For designing the PraQ questionnaire, we operationalized these lab quality dimensions.

Methods: Questionnaire and validation study
 
The measuring tool itself consists of 140 statements (called items) in 40 scales, divided into two questionnaires 
PraQ-A and PraQ-B (15min each). The first part measures learning gains (a) regarding growth in content 
knowledge, scientific inquiry practices
lab tutors (b) measuring abilities like explaining properly, summarizing or emphasizing relevance. Furthermore, 
it contains the material-dimension (c) which covers the lab script, inte
experimental material (Fraser & McRobbie, 19
For this study, results of PraQ-B are shown in details. Therefore, table 1 shows some example items of the 
questionnaire measuring teaching practices and material.
The validation study started in 2014 (design see fig. 2), where the 
reviewed by experts, namely lab instructors of physics
(substantive validity aspect). This was done by cognitive interviews 
content validity by examining the relevance and the acceptance of
The pilot study as a subpart of the validation for both questionnaires (see fig. 2) started late 2014 and ended in 
mid-2015. This part was meant to extract the item
belong together to form so called factors
items. Some of these factors have been investigated previously, as a few scales came from established 
instruments. These were excluded from the pilot analysis and will on
validation study. 
For now, piloting results of PraQ-B are shown, looking at the factor structure. The analysis of the piloting data 
demands an exploratory factor analysis
Analyses of validation 1 and 2 are still ongoing. Validation 1 handles the question, whether found factors remain 
constant with a different sample (structural validity aspect) or within different labs (generalizability validity 
aspect). Validation 2 looks for construct validity by studying the relations between PraQ and established
instruments, measuring the same or similar constructs (convergent validity) or distinct constructs (discriminant 
validity). 

                                                           
1 To be precise a principal component analysis was done, which leads to similar results most of the time 
For readability and recognition, the term »EFA« is used.
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Table 1. Example Items for PraQ-B within valid

Hypothetical 
construct 

Rough construct description

Summarizing Lab tutor summarizes essential 
aspects of theory and experiment

Check 
understanding 

Lab tutor interacts with students 
to let them check their 
understanding 

Illustrating 
relevance 

Lab tutor illustrates relevance of 
labwork and lab topics

Improving self-
efficacy 

Lab tutor tries to improve self
efficacy of students

Diagnosis: Basic 
attitude 

Lab tutor takes time to diagnose 
learning progress 

Diagnosis: just in 
time 

Lab tutor recognizes instantly, 
whether comprehension is 

Lab script quality Lab script is structured, useful for 
preparation, labwork and 
postprocessing 

Integration of 
lecture 

Extent to which laboratory 
activities are integrated with non
laboratory and theory lectures
(See Fraser, 1995, p. 297

 
 

Figure 2. Design of validation study. Expert Interviews combined with a broad literature review formed the content of the 
theoretical model and the questionnaire. The piloting examines the structure of the questionnaire, while validation 1 analyse
whether the structure can be confirmed using a different sample. Validation 2 tries to connect PraQ measures with established 

 

 

B within validation-1-study. 
 

Rough construct description Example item 

Lab tutor summarizes essential 
aspects of theory and experiment 

The lab tutor highlights crucial aspects of 
the experimental setup (e.g. within 
discussions, while experimenting etc.) 

Lab tutor interacts with students 
to let them check their 

Before continuing, the lab tutor assures, that 
central aspects of the experimental setup are 
clear. 

illustrates relevance of 
labwork and lab topics 

The lab tutor emphasizes the relevance of 
theoretical issues for future studies. 

Lab tutor tries to improve self-
efficacy of students 

The lab tutor shows trust in student’s 
abilities. 

Lab tutor takes time to diagnose 
 

The lab tutor takes his time to explain things 
to students which are not or poorly 
understood. 

Lab tutor recognizes instantly, 
whether comprehension is met. 

The lab tutor recognizes instantly, when a 
student can’t follow. 

Lab script is structured, useful for 
preparation, labwork and 

The lab script supports me in gaining a 
good overview of the experimental setup.

Extent to which laboratory 
activities are integrated with non-
laboratory and theory lectures 
See Fraser, 1995, p. 297) 

The laboratory work is related to the topics 
I study in the lecture. 

Design of validation study. Expert Interviews combined with a broad literature review formed the content of the 
theoretical model and the questionnaire. The piloting examines the structure of the questionnaire, while validation 1 analyse

ucture can be confirmed using a different sample. Validation 2 tries to connect PraQ measures with established 
instruments. 

The lab tutor highlights crucial aspects of 
the experimental setup (e.g. within 

Before continuing, the lab tutor assures, that 
central aspects of the experimental setup are 

The lab tutor emphasizes the relevance of 

The lab tutor shows trust in student’s 

The lab tutor takes his time to explain things 
to students which are not or poorly 

The lab tutor recognizes instantly, when a 

The lab script supports me in gaining a 
good overview of the experimental setup. 

The laboratory work is related to the topics 

 
Design of validation study. Expert Interviews combined with a broad literature review formed the content of the 

theoretical model and the questionnaire. The piloting examines the structure of the questionnaire, while validation 1 analyses, 
ucture can be confirmed using a different sample. Validation 2 tries to connect PraQ measures with established 
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Data Source: Labs across Germany and Austria 
 
The data source for piloting the PraQ consist of several science labs across Germany and Austria, including 
different disciplines (physics, chemistry, biotechnology, physiology) and different universities (Berlin, Potsdam, 
Wildau, Kiel, Bielefeld, Wuppertal, Tübingen, Trier, Cologne, Munich, Aachen and Vienna), resulting in  
N = 237 for the learning gain dimension of PraQ-A and N = 241 for teaching practices and material dimensions 
of PraQ-B. 

Analysis & results: Good factor structure and very good reliability estimates for PraQ-B 
 
PraQ-B was analysed by using an exploratory factor analysis (EFA), which acts on the basis of PEARSON 
correlations among the items and gives information on how much an item belongs to a factor (loading). Prior to 
and during the analysis, some items had to be dropped, caused by extremely low or high means (no gain of 
information due to the item), not enough correlations with other items or only low loadings (isolated item), low 
communalities (bad reliability of item) or practically significant double loadings (ambiguous relationship). This 
is summarized by table 2 and led to the elimination of eight items, which don’t seriously affect content validity. 
Remaining 37 Items were analysed in EFA. 
 

Table 2. Eliminated items within piloting PraQ-B and reasons for elimination, TRUE = 1; FALSE = 0. 
 

 reasons for elimination 

Item communality < 
.60 

At least one 
crossloading 

>.40 

No 
loading > 

.40 

Not matching any 
factor 

Feedback on Experiment 0 0 1 1 

Exam feedback 0 0 1 1 

Advice for experiments 0 0 0 1 

Advice is focused 1 0 0 0 

Explaining theory 0 1 0 1 

Explaining experiment 0 0 1 0 

Script shows lab report 1 0 0 0 

Script combines theory and 
practice 

1 0 0 0 

 

A flexible approach was used, oriented on EV1 criterion and content considerations, to compare ten- to seven-
factor solutions. Rotation method was chosen oblique (direct oblimin), because constructs for teaching 
competences are expected to correlate with each other.1 
The factor structure of the inductive scales concerning teaching practices and material dimension shows an eight-
factor solution very close to an expected structure with 74% variance explained by the factors. According to the 
respective items, scale names were chosen (see table 3). The reliability estimates among the scales are very 
good, with an α ranging from .85 to .95, indicating low measurement errors. 

Conclusion: PraQ questionnaires piloting was successful: Good factor structure and great 

reliability estimates 
 
The items of the PraQ questionnaire show a reasonable and reliable structure in terms of theoretical modelling. 
Results for PraQ-B were shown, those for PraQ-A where comparable (results for PraQ-A unpublished,). 
Therefore, PraQ questionnaire is now available for routine research on labs.2 
The PraQ questionnaire is theoretically based and the empirical grounding is progressing well. The items were 
created by literature review and rated adequately be experts. Content of PraQ-B consists of quality of teaching 
practices of lab tutors and quality of lab material, such as the lab script. Teaching practices contain skills in 
summarizing, diagnosing, improving self-efficacy of students etc. The quality of lab script is determined by 

                                                           
1
 Assumptions for performing an EFA were met by the data: Normality was ok (regarding Skewness and Kurtosis). KMO measure was 

perfect (> .90), indicating a sufficient sample size. Bartlett Test was significant, indicating that correlations between items were large enough 
for EFA.   
2 Contact: danreh@zedat.fu-berlin.de 
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aspects such as a good structure, usability for pr
example items). PraQ-A examines learning gains of students.
 
Table 3. Factor structure of PraQ-B. Items are displayed on the left, factors with label on the right side. High factor loadings 
indicate items with higher contribution to the factor and therefore for the construct measured. All relevant loadings are at 
least .50 with only four very small crossloadings (see explanation below), showing quite differentiable constructs.

Loadings < .30 are not displayed. The benchmark for loading interpretation is: Not important: < .30 | minimal: [.30, .40] | 
OK: [.40, .50] | practically significant: > .50 

grey colour highlights crossloadings, meaning two loadings for one item which are greater or equal to .30.
 
The ongoing validation study still needs to show, whether the item structure is inva
(validation 1, see fig. 2). A confirmatory factor analysis will examine whether the found structure leads to a good 
model fit with a different sample of lab participants. This will be done for PraQ
Furthermore, inspection of construct validity is needed, proving, if PraQ really measures, what is intended. For 
this purpose, PraQ-A experimental competence scale is to be correlated with similar measures, namely a test on 
experimental competence (Straube, in print)
2012). Middle to high correlations would indicate good convergent construct validity here.
On the divergent side, PraQ-A and 
Albrecht, 2011), we expect low correlations here.
When validation is done, different labs can be compared in terms 
instance, whether chemistry labs differ substantially from physics labs and how one might be able to learn from 
each other. 
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