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Science education often aims to increase learners’ acquisition of fundamental 
principles, such as learning the basic steps of scientific methods. Worked 
examples (WE) have proven particularly useful for supporting the development 
of such cognitive schemas and successive actions in order to avoid using up 
more cognitive resources than are necessary. Therefore, we  investigated the 
extent to which heuristic WE  are beneficial for supporting the acquisition of 
a basic scientific methodological skill—conducting scientific observation. The 
current study has a one-factorial, quasi-experimental, comparative research 
design and was conducted as a field experiment. Sixty two students of a German 
University learned about scientific observation steps during a course on applying 
a fluvial audit, in which several sections of a river were classified based on 
specific morphological characteristics. In the two experimental groups scientific 
observation was supported either via faded WE  or via non-faded WE  both 
presented as short videos. The control group did not receive support via WE. 
We  assessed factual and applied knowledge acquisition regarding scientific 
observation, motivational aspects and cognitive load. The results suggest 
that WE  promoted knowledge application: Learners from both experimental 
groups were able to perform the individual steps of scientific observation more 
accurately. Fading of WE  did not show any additional advantage compared 
to the non-faded version in this regard. Furthermore, the descriptive results 
reveal higher motivation and reduced extraneous cognitive load within the 
experimental groups, but none of these differences were statistically significant. 
Our findings add to existing evidence that WE  may be  useful to establish 
scientific competences.
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1 Introduction

Learning in science education frequently involves the acquisition of basic principles or 
generalities, whether of domain-specific topics (e.g., applying a mathematical multiplication 
rule) or of rather universal scientific methodologies (e.g., performing the steps of scientific 
observation) (Lunetta et al., 2007). Previous research has shown that worked examples (WE) 
can be considered particularly useful for developing such cognitive schemata during learning 
to avoid using more cognitive resources than necessary for learning successive actions (Renkl 
et al., 2004; Renkl, 2017). WE consist of the presentation of a problem, consecutive solution 
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steps and the solution itself. This is especially advantageous in initial 
cognitive skill acquisition, i.e., for novice learners with low prior 
knowledge (Kalyuga et al., 2001). With growing knowledge, fading 
WE can lead from example-based learning to independent problem-
solving (Renkl et al., 2002). Preliminary work has shown the advantage 
of WE in specific STEM domains like mathematics (Booth et al., 2015; 
Barbieri et al., 2021), but less studies have investigated their impact on 
the acquisition of basic scientific competencies that involve heuristic 
problem-solving processes (scientific argumentation, Schworm and 
Renkl, 2007; Hefter et al., 2014; Koenen et al., 2017). In the realm of 
natural sciences, various basic scientific methodologies are employed 
to acquire knowledge, such as experimentation or scientific 
observation (Wellnitz and Mayer, 2013). During the pursuit of 
knowledge through scientific inquiry activities, learners may 
encounter several challenges and difficulties. Similar to the hurdles 
faced in experimentation, where understanding the criteria for 
appropriate experimental design, including the development, 
measurement, and evaluation of results, is crucial (Sirum and 
Humburg, 2011; Brownell et al., 2014; Dasgupta et al., 2014; Deane 
et al., 2014), scientific observation additionally presents its own set of 
issues. In scientific observation, e.g., the acquisition of new insights 
may be somewhat incidental due to spontaneous and uncoordinated 
observations (Jensen, 2014). To address these challenges, it is crucial 
to provide instructional support, including the use of WE, particularly 
when observations are carried out in a more self-directed manner.

For this reason, the aim of the present study was to determine the 
usefulness of digitally presented WE to support the acquisition of a 
basic scientific methodological skill—conducting scientific 
observations—using a digital learning environment. In this regard, 
this study examined the effects of different forms of digitally presented 
WE (non-faded vs. faded) on students’ cognitive and motivational 
outcomes and compared them to a control group without 
WE. Furthermore, the combined perspective of factual and applied 
knowledge, as well as motivational and cognitive aspects, represent 
further value added to the study.

2 Theoretical background

2.1 Worked examples

WE have been commonly used in the fields of STEM education 
(science, technology, engineering, and mathematics) (Booth et al., 
2015). They consist of a problem statement, the steps to solve the 
problem, and the solution itself (Atkinson et al., 2000; Renkl et al., 
2002; Renkl, 2014). The success of WE  can be  explained by their 
impact on cognitive load (CL) during learning, based on assumptions 
from Cognitive Load Theory (Sweller, 2006).

Learning with WE  is considered time-efficient, effective, and 
superior to problem-based learning (presentation of the problem 
without demonstration of solution steps) when it comes to knowledge 
acquisition and transfer (WE-effect, Atkinson et al., 2000; Van Gog 
et al., 2011). Especially WE can help by reducing the extraneous load 
(presentation and design of the learning material) and, in turn, can 
lead to an increase in germane load (effort of the learner to understand 
the learning material) (Paas et al., 2003; Renkl, 2014). With regard to 
intrinsic load (difficulty and complexity of the learning material), it is 
still controversially discussed if it can be  altered by instructional 

design, e.g., WE (Gerjets et al., 2004). WE have a positive effect on 
learning and knowledge transfer, especially for novices, as the step-by-
step presentation of the solution requires less extraneous mental effort 
compared to problem-based learning (Sweller et al., 1998; Atkinson 
et al., 2000; Bokosmaty et al., 2015). With growing knowledge, WE can 
lose their advantages (due to the expertise-reversal effect), and 
scaffolding learning via faded WE  might be  more successful for 
knowledge gain and transfer (Renkl, 2014). Faded WE are similar to 
complete WE, but fade out solution steps as knowledge and 
competencies grow. Faded WE enhance near-knowledge transfer and 
reduce errors compared to non-faded WE (Renkl et al., 2000).

In addition, the reduction of intrinsic and extraneous CL by 
WE also has an impact on learner motivation, such as interest (Van 
Gog and Paas, 2006). Um et al. (2012) showed that there is a strong 
positive correlation between germane CL and the motivational aspects 
of learning, like satisfaction and emotion. Gupta (2019) mentions a 
positive correlation between CL and interest. Van Harsel et al. (2019) 
found that WE positively affect learning motivation, while no such 
effect was found for problem-solving. Furthermore, learning with 
WE increases the learners’ belief in their competence in completing a 
task. In addition, fading WE can lead to higher motivation for more 
experienced learners, while non-faded WE  can be  particularly 
motivating for learners without prior knowledge (Paas et al., 2005). In 
general, fundamental motivational aspects during the learning 
process, such as situational interest (Lewalter and Knogler, 2014) or 
motivation-relevant experiences, like basic needs, are influenced by 
learning environments. At the same time, their use also depends on 
motivational characteristics of the learning process, such as self-
determined motivation (Deci and Ryan, 2012). Therefore, we assume 
that learning with WE  as a relevant component of a learning 
environment might also influence situational interest and basic needs.

2.1.1 Presentation of worked examples
WE are frequently used in digital learning scenarios (Renkl, 2014). 

When designing WE, the application via digital learning media can 
be helpful, as their content can be presented in different ways (video, 
audio, text, and images), tailored to the needs of the learners, so that 
individual use is possible according to their own prior knowledge or 
learning pace (Mayer, 2001). Also, digital media can present relevant 
information in a timely, motivating, appealing and individualized way 
and support learning in an effective and needs-oriented way (Mayer, 
2001). The advantages of using digital media in designing WE have 
already been shown in previous studies. Dart et al. (2020) presented 
WE as short videos (WEV). They report that the use of WEV leads to 
increased student satisfaction and more positive attitudes. 
Approximately 90% of the students indicated an active learning 
approach when learning with the WEV. Furthermore, the results show 
that students improved their content knowledge through WEV and 
that they found WEV useful for other courses as well.

Another study (Kay and Edwards, 2012) presented WE as video 
podcasts. Here, the advantages of WE  regarding self-determined 
learning in terms of learning location, learning time, and learning 
speed were shown. Learning performance improved significantly after 
use. The step-by-step, easy-to-understand explanations, the diagrams, 
and the ability to determine the learning pace by oneself were seen 
as beneficial.

Multimedia WE  can also be  enhanced with self-explanation 
prompts (Berthold et  al., 2009). Learning from WE  with 
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self-explanation prompts was shown to be superior to other learning 
methods, such as hypertext learning and observational learning.

In addition to presenting WE in different medial ways, WE can 
also comprise different content domains.

2.1.2 Content and context of worked examples
Regarding the content of WE, algorithmic and heuristic WE, as well 

as single-content and double-content WE, can be distinguished (Reiss 
et  al., 2008; Koenen et  al., 2017; Renkl, 2017). Algorithmic WE are 
traditionally used in the very structured mathematical–physical field. 
Here, an algorithm with very specific solution steps is to learn, for 
example, in probability calculation (Koenen et al., 2017). In this study, 
however, we focus on heuristic double-content WE. Heuristic WE in 
science education comprise fundamental scientific working methods, 
e.g., conducting experiments (Koenen et al., 2017). Furthermore, double-
content WE contain two learning domains that are relevant for the 
learning process: (1) the learning domain describes the primarily to 
be learned abstract process or concept, e.g., scientific methodologies like 
observation (see section 2.2), while (2) the exemplifying domain consists 
of the content that is necessary to teach this process or concept, e.g., 
mapping of river structure (Renkl et al., 2009).

Depending on the WE content to be learned, it may be necessary 
for learning to take place in different settings. This can be in a formal 
or informal learning setting or a non-formal field setting. In this study, 
the focus is on learning scientific observation (learning domain) 
through river structure mapping (exemplary domain), which takes 
place with the support of digital media in a formal (university) setting, 
but in an informal context (nature).

2.2 Scientific observation

Scientific observation is fundamental to all scientific activities and 
disciplines (Kohlhauf et  al., 2011). Scientific observation must 
be clearly distinguished from everyday observation, where observation 
is purely a matter of noticing and describing specific characteristics 
(Chinn and Malhotra, 2001). In contrast to this everyday observation, 
scientific observation as a method of knowledge acquisition can 
be described as a rather complex activity, defined as the theory-based, 
systematic and selective perception of concrete systems and processes 
without any fundamental manipulation (Wellnitz and Mayer, 2013). 
Wellnitz and Mayer (2013) described the scientific observation 
process via six steps: (1) formulation of the research question (s), (2) 
deduction of the null hypothesis and the alternative hypothesis, (3) 
planning of the research design, (4) conducting the observation, (5) 
analyzing the data, and (6) answering the research question(s) on this 
basis. Only through reliable and qualified observation, valid data can 
be obtained that provide solid scientific evidence (Wellnitz and 
Mayer, 2013).

Since observation activities are not trivial and learners often 
observe without generating new knowledge or connecting their 
observations to scientific explanations and thoughts, it is important to 
provide support at the related cognitive level, so that observation 
activities can be  conducted in a structured way according to 
pre-defined criteria (Ford, 2005; Eberbach and Crowley, 2009). 
Especially during field-learning experiences, scientific observation is 
often spontaneous and uncoordinated, whereby random discoveries 
result in knowledge gain (Jensen, 2014).

To promote successful observing in rather unstructured settings 
like field trips, instructional support for the observation process seems 
useful. To guide observation activities, digitally presented WE seem 
to be an appropriate way to introduce learners to the individual steps 
of scientific observation using concrete examples.

2.3 Research questions and hypothesis

The present study investigates the effect of digitally presented 
double-content WE  that supports the mapping of a small 
Bavarian river by demonstrating the steps of scientific 
observation. In this analysis, we focus on the learning domain of 
the WE and do not investigate the exemplifying domain in detail. 
Distinct ways of integrating WE  in the digital learning 
environment (faded WE vs. non-faded WE) are compared with 
each other and with a control group (no WE). The aim is to 
examine to what extent differences between those conditions 
exist with regard to (RQ1) learners’ competence acquisition 
[acquisition of factual knowledge about the scientific observation 
method (quantitative data) and practical application of the 
scientific observation method (quantified qualitative data)], 
(RQ2) learners’ motivation (situational interest and basic needs), 
and (RQ3) CL. It is assumed that (Hypothesis 1), the integration 
of WE  (faded and non-faded) leads to significantly higher 
competence acquisition (factual and applied knowledge), 
significantly higher motivation and significantly lower extraneous 
CL as well as higher germane CL during the learning process 
compared to a learning environment without WE. No differences 
between the conditions are expected regarding intrinsic 
CL. Furthermore, it is assumed (Hypothesis 2) that the integration 
of faded WE leads to significantly higher competence acquisition, 
significantly higher motivation, and lower extraneous CL as well 
as higher germane CL during the learning processes compared to 
non-faded WE. No differences between the conditions are 
expected with regard to intrinsic CL.

3 Methods

The study took place during the field trips of a university course 
on the application of a fluvial audit (FA) using the German working 
aid for mapping the morphology of rivers and their floodplains 
(Bayerisches Landesamt für Umwelt, 2019). FA is the leading fluvial 
geomorphological tool for application to data collection contiguously 
along all watercourses of interest (Walker et al., 2007). It is widely used 
because it is a key example of environmental conservation and 
monitoring that needs to be  taught to students of selected study 
programs; thus, knowing about the most effective ways of learning is 
of high practical relevance.

3.1 Sample and design

3.1.1 Sample
The study was conducted with 62 science students and doctoral 

students of a German University (age M = 24.03 years; SD = 4.20; 36 
females; 26 males). A total of 37 participants had already conducted a 
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scientific observation and would rate their knowledge in this regard 
at a medium level (M = 3.32 out of 5; SD = 0.88). Seven participants 
had already conducted an FA and would rate their knowledge in this 
regard at a medium level (M = 3.14 out of 5; SD = 0.90). A total of 25 
participants had no experience at all. Two participants had to 
be excluded from the sample afterward because no posttest results 
were available.

3.1.2 Design
The study has a 1-factorial quasi-experimental comparative 

research design and is conducted as a field experiment using a 
pre/posttest design. Participants were randomly assigned to one of 
three conditions: no WE (n = 20), faded WE (n = 20), and non-faded 
WE (n = 20).

3.2 Implementation and material

3.2.1 Implementation
The study started with an online kick-off meeting where two 

lecturers informed all students within an hour about the basics 
regarding the assessment of the structural integrity of the study river 
and the course of the field trip days to conduct an FA. Afterward, 
within 2 weeks, students self-studied via Moodle the FA following 
the German standard method according to the scoresheets of 
Bayerisches Landesamt für Umwelt (2019). This independent 
preparation using the online presented documents was a necessary 
prerequisite for participation in the field days and was checked in the 
pre-testing. The preparatory online documents included six short 
videos and four PDF files on the content, guidance on the German 
protocol of the FA, general information on river landscapes, 
information about anthropogenic changes in stream morphology 
and the scoresheets for applying the FA. In these sheets, the river and 
its floodplain are subdivided into sections of 100 m in length. Each 
of these sections is evaluated by assessing 21 habitat factors related 
to flow characteristics and structural variability. The findings are 
then transferred into a scoring system for the description of 
structural integrity from 1 (natural) to 7 (highly modified). Habitat 
factors have a decisive influence on the living conditions of animals 
and plants in and around rivers. They included, e.g., variability in 
water depth, stream width, substratum diversity, or diversity of 
flow velocities.

3.2.2 Materials
On the field trip days, participants were handed a tablet and a 

paper-based FA worksheet (last accessed 21st September 2022).1 This 
four-page assessment sheet was accompanied by a digital learning 
environment presented on Moodle that instructed the participants on 
mapping the water body structure and guided the scientific 
observation method. All three Moodle courses were identical in 
structure and design; the only difference was the implementation of 
the WE. Below, the course without WE are described first. The other 
two courses have an identical structure, but contain additional WE in 
the form of learning videos.

1 https://www.lfu.bayern.de/wasser/gewaesserstrukturkartierung/index.htm

3.2.3 No worked example
After a short welcome and introduction to the course navigation, 

the FA started with the description of a short hypothetical scenario: 
Participants should take the role of an employee of an urban planning 
office that assesses the ecomorphological status of a small river near a 
Bavarian city. The river was divided into five sections that had to 
be mapped separately. The course was structured accordingly. At the 
beginning of each section, participants had to formulate and write 
down a research question, and according to hypotheses regarding the 
ecomorphological status of the river’s section, they had to collect data 
in this regard via the mapping sheet and then evaluate their data and 
draw a conclusion. Since this course serves as a control group, no 
WE  videos supporting the scientific observation method were 
integrated. The layout of the course is structured like a book, where it 
is not possible to scroll back. This is important insofar as the 
participants do not have the possibility to revisit information in order 
to keep the conditions comparable as well as distinguishable.

3.2.4 Non-faded worked example
In the course with no-faded WE, three instructional videos are 

shown for each of the five sections. In each of the three videos, two 
steps of the scientific observation method are presented so that, finally, 
all six steps of scientific observation are demonstrated. The mapping 
of the first section starts after the general introduction (as described 
above) with the instruction to work on the first two steps of scientific 
observation: the formulation of a research question and hypotheses. 
To support this, a video of about 4 min explains the features of 
scientific sound research questions and hypotheses. To this aim, a 
practical example, including explanations and tips, is given regarding 
the formulation of research questions and hypotheses for this section 
(e.g., “To what extent does the building development and the closeness 
of the path to the water body have an influence on the structure of the 
water body?” Alternative hypothesis: It is assumed that the housing 
development and the closeness of the path to the water body have a 
negative influence on the water body structure. Null hypothesis: It is 
assumed that the housing development and the closeness of the path 
to the watercourse have no negative influence on the watercourse 
structure.). Participants should now formulate their own research 
questions and hypotheses, write them down in a text field at the end 
of the page, and then skip to the next page. The next two steps of 
scientific observation, planning and conducting, are explained in a 
short 4-min video. To this aim, a practical example including 
explanations and tips is given regarding planning and conducting 
scientific for this section (e.g., “It’s best to go through each evaluation 
category carefully one by one that way you are sure not to forget 
anything!”). Now, participants were asked to collect data for the first 
section using their paper-based FA worksheet. Participants 
individually surveyed the river and reported their results in the 
mapping sheet by ticking the respective boxes in it. After collecting 
this data, they returned to the digital learning environment to learn 
how to use these data by studying the last two steps of scientific 
observation, evaluation, and conclusion. The third 4-min video 
explained how to evaluate and interpret collected data. For this 
purpose, a practical example with explanations and tips is given 
regarding evaluating and interpreting data for this section (e.g., “What 
were the individual points that led to the assessment? Have there been 
points that were weighted more than others? Remember the 
introduction video!”). At the end of the page, participants could 
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answer their before-stated research questions and hypotheses by 
evaluating their collected data and drawing a conclusion. This brings 
participants to the end of the first mapping section. Afterward, the 
cycle begins again with the second section of the river that has to 
be mapped. Again, participants had to conduct the steps of scientific 
observation, guided by WE videos, explaining the steps in slightly 
different wording or with different examples. A total of five sections 
are mapped, in which the structure of the learning environment and 
the videos follow the same procedure.

3.2.5 Faded worked example
The digital learning environment with the faded WE follow the 

same structure as the version with the non-faded WE. However, in 
this version, the information in the WE videos is successively reduced. 
In the first section, all three videos are identical to the version with the 
non-faded WE. In the second section, faded content was presented as 
follows: the tip at the end was omitted in all three videos. In the third 
section, the tip and the practical example were omitted. In the fourth 
and fifth sections, no more videos were presented, only the 
work instructions.

3.3 Procedure

The data collection took place on four continuous days on the 
university campus, with a maximum group size of 15 participants on 
each day. The students were randomly assigned to one of the three 
conditions (no WE vs. faded WE vs. non-faded WE). After a short 
introduction to the procedure, the participants were handed the 
paper-based FA worksheet and one tablet per person. Students 
scanned the QR code on the first page of the worksheet that opened 
the pretest questionnaire, which took about 20 min to complete. After 
completing the questionnaire, the group walked for about 15 min to 
the nearby small river that was to be mapped. Upon arrival, there was 
first a short introduction to the digital learning environment and a 
check that the login (via university account on Moodle) worked. 
During the next 4 h, the participants individually mapped five 
segments of the river using the cartography worksheet. They were 
guided through the steps of scientific observation using the digital 
learning environment on the tablet. The results of their scientific 
observation were logged within the digital learning environment. At 
the end of the digital learning environment, participants were directed 
to the posttest via a link. After completing the test, the tablets and 
mapping sheets were returned. Overall, the study took about 5 h per 
group each day.

3.4 Instruments

In the pretest, sociodemographic data (age and gender), the study 
domain and the number of study semesters were collected. 
Additionally, the previous scientific observation experience and the 
estimation of one’s own ability in this regard were assessed. For 
example, it was asked whether scientific observation had already been 
conducted and, if so, how the abilities were rated on a 5-point scale 
from very low to very high. Preparation for the FA on the basis of the 
learning material was assessed: Participants were asked whether they 
had studied all six videos and all four PDF documents, with the 

response options not at all, partially, and completely. Furthermore, a 
factual knowledge test about scientific observation and questions 
about self-determination theory was administered. The posttest used 
the same knowledge test, and additional questions on basic needs, 
situational interest, measures of CL and questions about the usefulness 
of the WE. All scales were presented online, and participants reached 
the questionnaire via QR code.

3.4.1 Scientific observation competence 
acquisition

For the factual knowledge (quantitative assessment of the 
scientific observation competence), a single-choice knowledge test 
with 12 questions was developed and used as pre- and posttest with a 
maximum score of 12 points. It assesses the learners’ knowledge of the 
scientific observation method regarding the steps of scientific 
observation, e.g., formulating research questions and hypotheses or 
developing a research design. The questions are based on Wahser 
(2008, adapted by Koenen, 2014) and adapted to scientific observation: 
“Although you  are sure that you  have conducted the scientific 
observation correctly, an unexpected result turns up. What conclusion 
can you draw?” Each question has four answer options (one of which 
is correct) and, in addition, one “I do not know” option.

For the applied knowledge (quantified qualitative assessment of 
the scientific observation competence), students’ scientific 
observations written in the digital learning environment were 
analyzed. A coding scheme was used with the following codes: 
0 = insufficient (text field is empty or includes only insufficient key 
points), 1 = sufficient (a research question and no hypotheses or 
research question and inappropriate hypotheses are stated), 
2 = comprehensive (research question and appropriate hypothesis or 
research question and hypotheses are stated, but, e.g., incorrect null 
hypothesis), 3 = very comprehensive (correct research question, 
hypothesis and null hypothesis are stated). One example of a very 
comprehensive answer regarding the research question and 
hypothesis is: To what extent does the lack of riparian vegetation 
have an impact on water body structure? Hypothesis: The lack of 
shore vegetation has a negative influence on the water body 
structure. Null hypothesis: The lack of shore vegetation has no 
influence on the water body structure. Afterward, a sum score was 
calculated for each participant. Five times, a research question and 
hypotheses (steps 1 and 2  in the observation process) had to 
be formulated (5 × max. 3 points = 15 points), and five times, the 
research questions and hypotheses had to be answered (steps 5 and 
6 in the observation process: evaluation and conclusion) (5 × max. 
3 points = 15 points). Overall, participants could reach up to 30 
points. Since the observation and evaluation criteria in data 
collection and analysis were strongly predetermined by the 
scoresheet, steps 3 and 4 of the observation process (planning and 
conducting) were not included in the analysis.

All 600 cases (60 participants, each 10 responses to code) were 
coded by the first author. For verification, 240 cases (24 randomly 
selected participants, eight from each course) were cross-coded by an 
external coder. In 206 of the coded cases, the raters agreed. The cases 
in which the raters did not agree were discussed together, and a 
solution was found. This results in Cohen’s κ = 0.858, indicating a high 
to very high level of agreement. This indicates that the category system 
is clearly formulated and that the individual units of analysis could 
be correctly assigned.
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3.4.2 Self-determination index
For the calculation of the self-determination index (SDI-index), 

Thomas and Müller (2011) scale for self-determination was used 
in the pretest. The scale consists of four subscales: intrinsic 
motivation (five items; e.g., I engage with the workshop content 
because I enjoy it; reliability of alpha = 0.87), identified motivation 
(four items; e.g., I engage with the workshop content because it 
gives me more options when choosing a career; alpha = 0.84), 
introjected motivation (five items; e.g., I engage with the workshop 
content because otherwise I  would have a guilty feeling; 
alpha = 0.79), and external motivation (three items, e.g., I engage 
with the workshop content because I  simply have to learn it; 
alpha = 0.74). Participants could indicate their answers on a 5-point 
Likert scale ranging from 1 = completely disagree to 5 = completely 
agree. To calculate the SDI-index, the sum of the self-determined 
regulation styles (intrinsic and identified) is subtracted from the 
sum of the external regulation styles (introjected and external), 
where intrinsic and external regulation are scored two times 
(Thomas and Müller, 2011).

3.4.3 Motivation
Basic needs were measured in the posttest with the scale by 

Willems and Lewalter (2011). The scale consists of three subscales: 
perceived competence (four items; e.g., during the workshop, I felt 
that I  could meet the requirements; alpha = 0.90), perceived 
autonomy (five items; e.g., during the workshop, I felt that I had a 
lot of freedom; alpha = 0.75), and perceived autonomy regarding 
personal wishes and goals (APWG) (four items; e.g., during the 
workshop, I felt that the workshop was how I wish it would be; 
alpha = 0.93). We added all three subscales to one overall basic 
needs scale (alpha = 0.90). Participants could indicate their answers 
on a 5-point Likert scale ranging from 1 = completely disagree to 
5 = completely agree.

Situational interest was measured in the posttest with the 
12-item scale by Lewalter and Knogler (2014; Knogler et al., 2015; 
Lewalter, 2020; alpha = 0.84). The scale consists of two subscales: 
catch (six items; e.g., I found the workshop exciting; alpha = 0.81) 
and hold (six items; e.g., I would like to learn more about parts of 
the workshop; alpha = 0.80). Participants could indicate their 
answers on a 5-point Likert scale ranging from 1 = completely 
disagree to 5 = completely agree.

3.4.4 Cognitive load
In the posttest, CL was used to examine the mental load during 

the learning process. The intrinsic CL (three items; e.g., this task 
was very complex; alpha = 0.70) and extraneous CL (three items; 
e.g., in this task, it is difficult to identify the most important 
information; alpha = 0.61) are measured with the scales from 
Klepsch et al. (2017). The germane CL (two items; e.g., the learning 
session contained elements that supported me to better understand 

the learning material; alpha = 0.72) is measured with the scale from 
Leppink et al. (2013). Participants could indicate their answers on 
a 5-point Likert scale ranging from 1 = completely disagree to 
5 = completely agree.

3.4.5 Attitudes toward worked examples
To measure how effective participants rated the WE, we used two 

scales related to the WE videos as instructional support. The first scale 
from Renkl (2001) relates to the usefulness of WE. The scale consists 
of four items (e.g., the explanations were helpful; alpha = 0.71). Two 
items were recoded because they were formulated negatively. 
The second scale is from Wachsmuth (2020) and relates to the 
participant’s evaluation of the WE. The scale consists of nine items 
(e.g., I  always did what was explained in the learning videos; 
alpha = 0.76). Four items were recoded because they were formulated 
negatively. Participants could indicate their answers on a 5-point 
Likert scale ranging from 1 = completely disagree to 
5 = completely agree.

3.5 Data analysis

An ANOVA was used to calculate if the variable’s prior knowledge 
and SDI index differed between the three groups. However, as no 
significant differences between the conditions were found [prior 
factual knowledge: F(2, 59) = 0.15, p = 0.865, 𝜂2 = 0.00 self-
determination index: F(2, 59) = 0.19, p = 0.829, 𝜂2 = 0.00], they were not 
included as covariates in subsequent analyses.

Furthermore, a repeated measure, one-way analysis of variance 
(ANOVA), was conducted to compare the three treatment groups (no 
WE vs. faded WE vs. non-faded WE) regarding the increase in factual 
knowledge about the scientific observation method from pretest 
to posttest.

A MANOVA (multivariate analysis) was calculated with the three 
groups (no WE vs. non-faded WE vs. faded WE) as a fixed factor and 
the dependent variables being the practical application of the scientific 
observation method (first research question), situational interest, basic 
needs (second research question), and CL (third research question).

Additionally, to determine differences in applied knowledge even 
among the three groups, Bonferroni-adjusted post-hoc analyses 
were conducted.

4 Results

The descriptive statistics between the three groups in terms of 
prior factual knowledge about the scientific observation method and 
the self-determination index are shown in Table 1. The descriptive 
statistics revealed only small, non-significant differences between the 
three groups in terms of factual knowledge.

TABLE 1 Means (standard deviations) of factual knowledge tests (pre- and posttest) and self-determination index for the three different groups.

No WE Non-faded WE Faded WE

Pretest 9.90 (1.17) 10.05 (1.90) 10.10 (1.21)

Posttest 9.65 (1.69) 10.55 (1.23) 10.90 (0.85)

Self-determination index 4.87 (3.20) 5.21 (4.08) 5.52 (2.63)
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The results of the ANOVA revealed that the overall increase in 
factual knowledge from pre- to posttest just misses significance [F(1, 
57) = 3.68, p = 0.060, 𝜂2 = 0 0.06]. Furthermore, no significant 
differences between the groups were found regarding the acquisition 
of factual knowledge from pre- to posttest [F(2, 57) = 2.93, p = 0.062, 
𝜂2 = 0.09].

An analysis of the descriptive statistics showed that the largest 
differences between the groups were found in applied knowledge 
(qualitative evaluation) and extraneous load (see Table 2).

Results of the MANOVA revealed significant overall differences 
between the three groups [F(12, 106) = 2.59, p = 0.005, 𝜂2 = 0.23]. 
Significant effects were found for the application of knowledge [F(2, 
57) = 13.26, p = <0.001, 𝜂2 = 0.32]. Extraneous CL just missed 
significance [F(2, 57) = 2.68, p = 0.065, 𝜂2 = 0.09]. There were no 
significant effects for situational interest [F(2, 57) = 0.44, p = 0.644, 
𝜂2 = 0.02], basic needs [F(2, 57) = 1.22, p = 0.302, 𝜂2 = 0.04], germane CL 
[F(2, 57) = 2.68, p = 0.077, 𝜂2 = 0.09], and intrinsic CL [F(2, 57) = 0.28, 
p = 0.757, 𝜂2 = 0.01].

Bonferroni-adjusted post hoc analysis revealed that the group 
without WE had significantly lower scores in the evaluation of the 
applied knowledge than the group with non-faded WE (p = <0.001, 
Mdiff = −8.90, 95% CI [−13.47, −4.33]) and then the group with faded 
WE (p = <0.001, Mdiff = −7.40, 95% CI [−11.97, −2.83]). No difference 
was found between the groups with faded and non-faded WE (p = 1.00, 
Mdiff = −1.50, 95% CI [−6.07, 3.07]).

The descriptive statistics regarding the perceived usefulness of 
WE and participants’ evaluation of the WE revealed that the group 
with the faded WE  rated usefulness slightly higher than the 
participants with non-faded WE and also reported a more positive 
evaluation. However, the results of a MANOVA revealed no 
significant overall differences [F(2, 37) = 0.32, p = 0.732, 𝜂2 = 0 0.02] 
(see Table 3).

5 Discussion

This study investigated the use of WE  to support students’ 
acquisition of science observation. Below, the research questions are 
answered, and the implications and limitations of the study 
are discussed.

5.1 Results on factual and applied 
knowledge

In terms of knowledge gain (RQ1), our findings revealed no 
significant differences in participants’ results of the factual 
knowledge test both across all three groups and specifically between 
the two experimental groups. These results are in contradiction with 
related literature where WE had a positive impact on knowledge 
acquisition (Renkl, 2014) and faded WE are considered to be more 
effective in knowledge acquisition and transfer, in contrast to 
non-faded WE (Renkl et al., 2000; Renkl, 2014). A limitation of the 
study is the fact that the participants already scored very high on the 
pretest, so participation in the intervention would likely not yield 
significant knowledge gains due to ceiling effects (Staus et al., 2021). 
Yet, nearly half of the students reported being novices in the field 
prior to the study, suggesting that the difficulty of some test items 
might have been too low. Here, it would be important to revise the 
factual knowledge test, e.g., the difficulty of the distractors in 
further study.

Nevertheless, with regard to application knowledge, the results 
revealed large significant differences: Participants of the two 
experimental groups performed better in conducting scientific 
observation steps than participants of the control group. In the 
experimental groups, the non-faded WE group performed better than 
the faded WE group. However, the absence of significant differences 
between the two experimental groups suggests that faded and 
non-faded WE  used as double-content WE  are suitable to teach 
applied knowledge about scientific observation in the learning domain 
(Koenen, 2014). Furthermore, our results differ from the findings of 
Renkl et  al. (2000), in which the faded version led to the highest 
knowledge transfer. Despite the fact that the non-faded WE performed 
best in our study, the faded version of the WE was also appropriate to 
improve learning, confirming the findings of Renkl (2014) and Hesser 
and Gregory (2015).

5.2 Results on learners’ motivation

Regarding participants’ motivation (RQ2; situational interest 
and basic needs), no significant differences were found across all 

TABLE 2 Means (standard deviations) of dependent variables with the three different groups.

No WE Non-faded WE Faded WE

Situational interest 3.60 (0.52) 3.76 (0.60) 3.75 (0.72)

Basic needs 3.24 (0.67) 3.58 (0.68) 3.35 (0.77)

Germane load 3.00 (1.01) 3.60 (0.93) 3.60 (0.90)

Intrinsic load 3.10 (0.54) 3.22 (0.84) 3.03 (0.92)

Extraneous load 3.12 (0.71) 2.98 (0.84) 2.55 (0.79)

Applied knowledge (qualitative) 11.65 (4.99) 20.55 (6.89) 19.05 (5.52)

TABLE 3 Means (standard deviations) of dependent variables with the three different groups.

No WE Non-faded WE Faded WE

Usefulness of WE X 4.10 (0.76) 4.21 (0.68)

Evaluation of WE X 3.52 (0.74) 3.69 (0.62)
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three groups or between the two experimental groups. However, 
descriptive results reveal slightly higher motivation in the two 
experimental groups than in the control group. In this regard, our 
results confirm existing literature on a descriptive level showing 
that WE lead to higher learning-relevant motivation (Paas et al., 
2005; Van Harsel et  al., 2019). Additionally, both experimental 
groups rated the usefulness of the WE  as high and reported a 
positive evaluation of the WE. Therefore, we  assume that even 
non-faded WE  do not lead to over-instruction. Regarding the 
descriptive tendency, a larger sample might yield significant results 
and detect even small effects in future investigations. However, 
because this study also focused on comprehensive qualitative data 
analysis, it was not possible to evaluate a larger sample in this study.

5.3 Results on cognitive load

Finally, CL did not vary significantly across all three groups 
(RQ3). However, differences in extraneous CL just slightly missed 
significance. In descriptive values, the control group reported the 
highest extrinsic and lowest germane CL. The faded WE  group 
showed the lowest extrinsic CL and a similar germane CL as the 
non-faded WE group. These results are consistent with Paas et al. 
(2003) and Renkl (2014), reporting that WE can help to reduce the 
extraneous CL and, in return, lead to an increase in germane 
CL. Again, these differences were just above the significance level, and 
it would be advantageous to retest with a larger sample to detect even 
small effects.

Taken together, our results only partially confirm H1: the 
integration of WE (both faded and non-faded WE) led to a higher 
acquisition of application knowledge than the control group without 
WE, but higher factual knowledge was not found. Furthermore, 
higher motivation or different CL was found on a descriptive level 
only. The control group provided the basis for comparison with the 
treatment in order to investigate if there is an effect at all and, if so, 
how large the effect is. This is an important point to assess whether the 
effort of implementing WE is justified. Additionally, regarding H2, our 
results reveal no significant differences between the two 
WE conditions. We assume that the high complexity of the FA could 
play a role in this regard, which might be hard to handle, especially for 
beginners, so learners could benefit from support throughout (i.e., 
non-faded WE).

In addition to the limitations already mentioned, it must be noted 
that only one exemplary topic was investigated, and the sample only 
consisted of students. Since only the learning domain of the double-
content WE was investigated, the exemplifying domain could also 
be analyzed, or further variables like motivation could be included in 
further studies. Furthermore, the influence of learners’ prior 
knowledge on learning with WE could be investigated, as studies have 
found that WE are particularly beneficial in the initial acquisition of 
cognitive skills (Kalyuga et al., 2001).

6 Conclusion

Overall, the results of the current study suggest a beneficial role 
for WE in supporting the application of scientific observation steps. 

A major implication of these findings is that both faded and non-faded 
WE should be considered, as no general advantage of faded WE over 
non-faded WE was found. This information can be used to develop 
targeted interventions aimed at the support of scientific 
observation skills.
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