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Abstract: Problem solving prior to instruction (PS-I) approaches have been found to facilitate 
students’ conceptual learning. It has been argued that the problem-solving processes prepare 
students for subsequent instruction. During problem solving, students are asked to generate 
multiple solutions to a novel problem. Yet, it is still unclear whether students actually need to 
generate solutions themselves to be prepared for learning from instruction or whether they could 
also receive solution examples and study those. Recent findings are mixed, requiring further 
analyses that investigate the preparatory processes during both types of activities. In this paper, 
we investigate students’ cognitive processes during generation and observation of solution 
attempts in order to better understand and design for the preparatory mechanisms in PS-I. We 
hypothesized that both activities would involve similar cognitive processes for the preparation 
of subsequent learning. Our results confirm this comparability, suggesting that similar 
preparatory processes are at work. 

Introduction 
Recent research has demonstrated the success of instructional approaches that emphasize the role of problem 
solving prior to instruction (PS-I) for learning (for a review, see Loibl et al., 2017). Students, who participated in 
problem solving followed by direct instruction, were shown to perform higher in a conceptual knowledge test 
than students who received instruction first and practice problems after (I-PS) (e.g., Kapur, 2014b). Despite the  
success of PS-I, we still lack a full understanding of the cognitive mechanisms that prepare students for subsequent 
learning. Loibl et al. (2017) proposed three preparatory mechanisms: prior knowledge activation, awareness of 
knowledge gaps, and deep feature recognition. The present paper focuses on the preparatory mechanism prior 

knowledge activation. In our PS-I setting, which is also referred to as Productive Failure (PF) task, students in the 
problem-solving phase are instructed to generate multiple solution approaches to a novel and challenging 
mathematical problem (Kapur & Bielaczyc, 2012). The generation of different solution attempts is presumed to 
encourage students to activate and differentiate relevant prior knowledge, which facilitates processing the 
subsequent instruction (Kapur & Bielaczyc, 2012). While prior knowledge activation is assumed to be a core 
mechanism of PS-I (Kapur & Bielaczyc, 2012; Loibl et al., 2017), it is unclear whether the preparatory effect of 
prior knowledge activation is only afforded by generating solution oneself. In order to further examine this 
preparatory mechanism, studies have investigated whether observing examples of students’ failed solution 
attempts has similar preparatory effects as generating solutions oneself (e.g., Hartmann et al., 2020, 2021; Kapur, 
2014a). Kapur (2014a, 2014b) asked students in a so-called Vicarious Failure (VF) condition to evaluate examples 
of other students’ solution attempts. Results showed that the VF students outperformed I-PS students in a 
knowledge test, indicating that VF students were prepared for subsequent learning. However, VF students were 
outperformed by PF students, suggesting a higher preparation effect in the PF condition. In contrast, Hartmann et 
al. (2021) found that students who generated solutions themselves (PF) did not perform better than those who 
observed examples of PF students’ complete problem-solving process (VF). The mixed findings suggest that 
further research is needed to examine the comparability of the preparatory mechanisms at work in PF and VF. 
More specifically, empirical evidence is needed on the preparatory processes of knowledge activation. This paper 
aims to shed further light onto students’ cognitive processes during both types of preparatory activities (i.e., 
problem solving in PF and observation of examples in VF) by comparing the think-aloud recordings (i.e., their 
verbalized thoughts) of matched PF and VF model-observer-pairs. In the following, we give an overview of 
relevant prior research and describe potential PF and VF cognitive processes. 

Problem solving and observing examples as preparatory activities 
When students in PS-I generate solutions to a novel problem which they are not yet able to solve, they are assumed 
to activate relevant prior knowledge and become aware of the limits of this knowledge. For instance, in a typical 
PF task about the concept of standard deviation, students need to find the most consistent soccer player based on 
the goal scores of three players within ten years. During subsequent instruction, students then receive an 
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 explanation about common mistakes in student solutions, which aims to relate to their knowledge gaps and 
facilitate the integration of new knowledge about the deep features of the canonical solution (e.g., standard 
deviation) (Loibl et al., 2017; Loibl & Rummel, 2014b).  

Kapur and Bielaczyc (2012) highlighted the importance of generating own solution attempts during the 
problem-solving phase to afford prior knowledge activation. However, the specific processes underlying prior 
knowledge activation in PS-I still remain unclear and might not be exclusively related to the generation of own 
solution attempts. For instance, research on worked examples suggest that the observation of examples could 
serve as a similar or even better preparation for subsequent learning than problem solving (cf. Likourezos & 
Kalyuga, 2017; Newman & DeCaro, 2019). In an attempt to examine boundary conditions of PS-I, several studies 
investigated whether the observation of examples in form of students’ solution attempts could also prepare for 
learning from instruction. In two experimental studies, Kapur (2014a, 2014b) designed VF conditions, in which 
he asked students to evaluate the validity of examples of erroneous and incomplete student solutions. Results 
revealed that evaluating examples prepared them for learning from subsequent instruction and lead to higher 
learning gains than those shown by students who received instruction first and practice problems after (I-PS). Yet, 
they were outperformed by students who generated solutions in a PF condition. In contrast, Hartmann et al. (2021) 
found that students of a VF condition who observed the problem-solving process of PF students, achieved equal 
learning gains as students of a PF condition and even outperformed them when they showed higher prior 
knowledge scores. 

The recent findings by Hartmann et al. (2021) suggest that students in PS-I do not necessarily need to 
generate solutions themselves, but might achieve equal preparation for learning, by observing and making sense 
of another student’s problem-solving process. Comparability regarding the preparation for learning would suggest 
that both, generating and observing solutions afford similar preparatory processes. However, overall, the 
comparison of learning gains in PF and VF has led to mixed findings. In order to find explanations for these 
findings and identify boundary conditions for the effectivity of PF and VF, it is necessary to achieve a better 
understanding of the cognitive processes afforded in both conditions. With this understanding, we can define 
relevant aspects for instructional designs that enable preparation for subsequent learning in PS-I. So far, the 
cognitive processes in VF have not been investigated and only few studies have attempted to describe the problem-
solving processes within PS-I settings such as PF. Roll et al. (2012), Brand et al. (2018), and Brand et al. (2019) 
offered categorizations that divide problem solving in PS-I into different phases based on models of mathematical 
problem-solving or the inquiry cycle (cf. de Jong, 2006; Schoenfeld, 1985). We build upon these approaches and 
describe the cognitive processes of PF and VF students with the help of four categories: task orientation, 
engagement with solution attempts, elaboration of solution attempts, and evaluation of solution attempts (cf. Table 
1). While the first three categories primarily feature prior knowledge activation processes, the fourth category 
deals with the metacognitive processes of evaluation and monitoring. All described processes can appear more 
than once and not necessarily consecutively during the preparatory activities (i.e., generation or observation of 
solution attempts) of both PF and VF conditions. 
 The first category is task orientation. In order to be able to engage in the preparatory activities, students 
have to understand the task’s components and goal (cf. Roll et al., 2012; Schoenfeld, 1985). The students of both 
conditions receive the same problem about the formula of standard deviation (e.g., Kapur, 2012; Loibl & Rummel, 
2014b). While the students of the PF condition are instructed to generate different solution attempts that display 
the consistency of three soccer players, the students of the VF group receive the problem as a basis for observation, 
but are not asked to generate solution attempts (cf. Hartmann et al., 2020, 2021). As both groups of students have 
not yet learned about standard deviation, it is plausible that both PF and VF students similarly need to form an 
understanding of what consistency means in the context of the given problem. For this task orientation, students 
might activate and reflect on their formal and informal prior knowledge about consistency in order to generate 
ideas or criteria that link their knowledge to the goal of the task. This can include both cognitive and metacognitive 
processes, however, we focus on the cognitive process of activating relevant prior knowledge for understanding 
the task. 
 The category engagement with solution attempts represents the main part of the preparatory activities in 
both conditions, the students deal with various solution attempts to the given problem. Roll et al. (2012) describe 
these processes as plan, design, and implementation stages. Both, generating solutions oneself (PF) and observing 
solutions (VF) require students to activate relevant prior knowledge. Even though both conditions implement 
different triggers for prior knowledge activation (i.e., generation versus observation of solution attempts), the VF 
observer has the opportunity to engage in the similar prior knowledge activation processes as the PF model 
through a step by step observation of the PF student’s problem-solving process. Therefore, when the PF model 
comes up with a solution idea and starts to execute it (e.g., central tendencies such as mean, range or graphical 
solutions), the VF student observes the idea, which triggers the activation of relevant prior knowledge associated 
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 with the solution idea. Similar to the PF condition, students of the VF condition might think about own solution 
ideas. Additionally, they have the opportunity to compare their ideas with those of the PF model. Kapur (2012) 
showed that students generate a limited range of solutions that spans four categories. Therefore, we can expect 
students of both conditions to largely come up with the same types of ideas, and thus, to activate prior knowledge 
to a similar extent. Consequently, the observation and generation of solutions could trigger similar engagement 
with solution attempts in both conditions. 
 Elaboration of solution attempts defines another stage in the process: the analysis and interpretation of 
the solution attempts with regard to what they imply about the problem’s solution (cf. Hartmann et al., 2021). In 
order to fully comprehend the implication, students need to interpret the results of their calculations in the context 
of the given problem (i.e., what do values such as the mean or range tell me about the consistency of the soccer 
players?). The students of both conditions are likely to engage in this process of sense-making in the same way in 
order to form an understanding of the present solution attempts. Through the analysis of solution attempts, 
students might be able to build an elaborated understanding of the generated solutions, that is, advancing and 
differentiating the knowledge that they activated when dealing with the different solution attempts (Kapur & 
Bielaczyc, 2012). 
 The last category is evaluation of solution attempts. In problem-solving, students rely on metacognitive 
skills such as monitoring and evaluation of the problem-solving process in order to ensure its success (Schoenfeld, 
1985). Said metacognitive skills majorly come into play during the evaluation phase in PS-I, in which students 
evaluate the outcome of their solution attempts (cf. Roll et al., 2012). While students of the VF condition do not 
engage in the monitoring of their own problem-solving processes, they evaluate and monitor the problem-solving 
process of the PF model when trying to make sense of the PF model’s solution attempts. As the students of both 
conditions deal with a novel problem, evaluation and monitoring processes could likewise encourage them to 
question the validity of solution attempts and become aware of their knowledge gaps (cf. Loibl et al., 2017). 
Additionally, monitoring processes of the PF model’s problem-solving process could enable the VF student to 
identify errors or knowledge gaps in the PF model. 
 Based on the outlined cognitive processes in VF and PF, we hypothesize that a process analysis of the 
verbal reports of matched PF and VF model-observer-pairs (i.e., one VF student who observes the problem-
solving process of one PF student) will show similar quantities of the outlined types of cognitive processes 
throughout both preparatory activities. That is, the model-observer-pairs will not significantly differ in the number 
of utterances related to the processes in each of the four categories discussed above. 

Methods 

Participants and design 
The experimental study that provided the process data used in this paper was conducted in a German secondary 
school during regular mathematics classes (cf. Hartmann, 2020). The original sample of the study consisted of 
110 students, who were randomly assigned to two conditions (i.e., PF and VF). Each student of the VF condition 
was randomly matched to students of the PF condition to form model-observer-pairs (PF: n = 55, VF: n = 55). 
During the preparatory activity, the students of the VF condition watched a live transmission (live screen 
recordings) of their matched PF students’ handwritten notes during problem solving. 

For the process analysis, we selected a subsample of 15 matched PF and VF model-observer-pairs (N = 
30, PF: n = 15, VF: n = 15). In order to control for prior mathematical abilities (i.e., students’ average of their last 
two grades in mathematics), which significantly predicted students’ knowledge scores in the main sample, r(108) 
= .71, p < .001, the pairs were selected based on the similarity of their mathematical abilities. That is, only students 
with the same or minor differences (i.e., 0.5) in average grade were included in the subsample. A Bayesian paired 
t-test confirmed the comparability of the subsample and the main sample as the selected pairs showed equal 
conceptual learning scores, that is, the assumption that PF and VF pairs had similar learning scores (BF01; H0) is 
2.11 times higher than the assumption of a difference in conceptual knowledge (BF10; H1). 

Process data 
For the process analysis, we used think-aloud audio recordings as an indicator of students’ cognitive processes 
during problem solving in both conditions (cf. Ericsson & Simon, 1980). Based on the PF coding scheme by 
Brand et al. (2018), we developed a coding scheme that describes students’ cognitive processes in PF and VF 
based on their utterances during problem solving. It includes four categories of processes: task orientation, 
engagement with solution attempts, elaboration of solution attempts, and evaluation of solution attempts. Each of 
the categories includes sub-codes that describe specific processes within each category, with 44 codes in total (see 
Table 1 for examples). Task orientation features codes that specify the components or goal of the given task. The 
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 category engagement with solution attempts includes codes about the generation or observation of solution ideas. 
Additionally, it describes three variables that only apply to the VF condition: two codes refer to VF students 
comparing their own ideas to the one’s of their PF model. A third one functions as a manipulation check variable 
that includes statements, which indicate that the handwritten solution attempts were not comprehensible to the VF 
student. Elaboration of solution attempts describes students’ analysis and interpretation processes such as 
deduction from the results of a solution (i.e., in terms of which player might be the most consistent). The category 
evaluation of solution attempts contains the metacognitive processes of evaluation and monitoring of one’s own 
knowledge as well as an additional VF code, which outlines the identification of errors in the PF model’s solution. 
 

Table 1: Example codes and statements for each coded category 
 

 Category Example code for the category Example statement 

1 Task orientation Definition of the task All given data needs to be included in the calculations. 
2 Engagement with 

solution attempts 
Identification of solution ideas I/The model calculate(s) the mean. 
Comparison of VF and PF ideas I had the same idea. // I would not have done that. 

Incomprehensibility of PF ideas I cannot make out anything from what is written here. 

3 Elaboration of 
solution attempts 

Substantiated deduction from results Mario is the most consistent player as he scores 

almost the same number of goals each year! 
4 Evaluation of 

solution attempts 
Positive evaluation of solutions The first solution was really good! 
Identification of own knowledge gaps I do not know whether this solution will work or not. 
Identification of errors in PF model The solution does not make any sense. 

We coded the audio data with the software MaxQDA 2020. Prior to coding, the data was segmented by 
an expert who preselected on-task utterances for coding. Due to the high number of codes, the coding process was 
divided into two steps. First, all on-task segments of a student were assigned to one of the four categories, then, 
for each category separately, the utterances of the segments were tagged with sub-codes. 20% of the data was 
coded by two independent raters, showing an excellent agreement on both coding levels (categories: ICC (3, 1) = 
.90, 95% CI [.70, .98]; sub-codes: ICC(3, 1) = .92, 95% CI [.80, .99]). For the analysis, we counted the frequencies 
of each sub-code and calculated the sum for each category. The category sums only included variables, which 
occurred in PF and VF, while the VF variables (i.e., the comparison of VF and PF ideas and identification of 
errors) were summed up as a separate variable. 

Procedure and materials 
In the following, we summarize the relevant methods of an experimental study by Hartmann (2020) that provided 
the data for the present inquiry. The procedure and materials followed the same methodological protocol as 
previous studies in PS-I (see Kapur, 2012 for design of the PF problem; Loibl & Rummel, 2014b for design of 
the direct instruction and knowledge test). The experiment took place during two regular mathematics classes (90 
minutes each). Before the first activity, the students were asked to complete a prior knowledge test and report 
their prior abilities (20 minutes). After that, students were randomly assigned to two conditions and engaged in 
the preparatory activities (45 minutes): the students in the PF condition were instructed to generate as many 
solutions to the given problem as possible, while the students in the VF condition received live transmissions of 
their PF model’s handwritten solution attempts on a computer screen. The students were in the same classroom, 
but not aware of the identity of their matched partners as they were seated apart and with their backs to each other. 
During the time of the preparatory activity both groups of students were instructed to verbalize their thoughts. 
After that, students filled in a questionnaire to assess their awareness of knowledge gaps (5 minutes). In the 
following mathematics class, both groups jointly received a direct instruction (30 minutes) on the components of 
the canonical solution. Both, the preparatory activity and the instruction were conducted by the same trained 
member of the research team. Finally, the students filled in a knowledge test (30 minutes).  

The problem used in the preparatory activity targets the formula of standard deviation. It asks students 
to find the most consistent soccer player among three based on a data table that displays the players’ goal scores 
across ten years. The final instruction was based on typical erroneous student solutions and explained the 
components of the canonical solution. Prior to the preparatory activity, we assessed the students’ last two grades 
in mathematics, their prior knowledge, and their mathematical self-concept. The students’ prior knowledge was 
measured with a knowledge test consisting of five tasks on descriptive statistics (i.e., mean and range) (Cronbach’s 
alpha = .32; reliability measures for the whole sample). The low Cronbach’s alpha value likely resulted from the 
fact that various mathematical concepts were tested that did not necessarily interrelate. The measures for 
mathematical self-concept were adopted from Rost and Sparfeldt (2002) and included the students’ belief about 
their mathematical skills (e.g., ‘It is easy for me to solve problems in mathematics.’) with eight items on a 6-point 
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 Likert scale (Cronbach’s alpha = .93). The final knowledge test after instruction included eight tasks on students’ 
conceptual (Cronbach’s alpha = .67) and four tasks on their procedural knowledge (Cronbach’s alpha = .87). 20% 
of the students’ knowledge tests were coded by a second rater, showing high reliability for all items (ICC (2,1) = 
.97, 95% CI [.93, .99]). 

Results 
Prior to the process analyses, we examined the VF manipulation check variable. The variable assessed whether 
students of the VF condition struggled to comprehend the PF model’s problem-solving process. The analysis of 
the variable revealed no concerns for a failure of manipulation as only minor difficulties such as reading problems 
occurred, all of which were resolved later on in the activity. In total, we coded 1559 utterances. 1459 utterances 
referred to processes that could occur in both conditions and an additional 100 to processes unique to VF. Out of 
the 1459 utterances, students in VF produced 782 (M = 58.80; SD = 23.09) and students in PF 677 utterances (M 
= 45.13; SD = 16.98). Table 2 shows the ranges, means, standard deviations, and frequencies of each category of 
the coded processes for both conditions (excluding VF-only processes). In both conditions, utterances coded as 
task orientation occurred the least, engagement with solution attempts the most. The frequency of the processes 
varies a lot between individual students as shown by the high standard deviations. Descriptively, the analyses 
reveal that the quantity of cognitive processes per category was largely similar for both conditions, except for 
category 4, in which the average frequencies of PF and VF processes differed descriptively by 9.33. 

 
Table 2: Descriptive statistics of the four categories of PF and VF processes (PF: n = 15, VF: n = 15, N= 30) 
 

 Task orientation 
Engagement with solution 

attempts 
Elaboration of solution 

attempts 
Evaluation of solution 

attempts 

   PF VF Total PF VF Total PF VF Total PF VF Total 

M 2.33 2.27 2.30 26.00 29.67 25.77 6.2 4.40 5.30 10.60 19.93 15.27 
SD 1.80 2.76 2.29 10.17 12.91 10.46 3.65 2.75 3.30 7.03 9.85 9.66 

range 0-6 0-8 0-8 12-52 10-54 9-52 1-12 0-9 0-12 4-26 1-36 1-36 
freq 
(%) 

35 
(5.17%) 

34 
(4.35%) 

69 
(4.73%) 

390 
(57.61%) 

383 
(48.98%) 

773 
(52.98%) 

93 
(13.74%) 

66 
(8.44%) 

159 
(10.90%) 

159 
(23.49%) 

299 
(38.24%) 

458 
(31.39%) 

 
Additional to the 782 VF processes above, Table 3 presents the descriptive data for the processes that 

were unique to VF, excluding the manipulation check variable as it does not provide further information about 
VF. The remaining three processes amounted to 62 utterances (7.03% of all VF processes). The first two VF 
variables can be assigned to category 2, engagement with solution ideas, and describe the comparison of a VF 
student’s own solution ideas with those of their PF model (agreement vs. disagreement). The last variable 
describes the identification of errors in the solution attempts of the PF model and is part of the category 4: 
evaluation of solution attempts. Out of the three variables, the identification of errors appeared most frequently. 

 

Table 3: Descriptive statistics for variables that could only occur in VF (n = 15) 
 

 
Comparison of PF and 

VF ideas (agreement) 
Comparison of PF and VF 

ideas (disagreement) 
Identification of errors in 

PF solutions 
VF-only processes  

(sum of all variables) 
M (SD) 0.93 (1.83) 0.67 (0.90) 2.53 (2.92) 4.13 (3.50) 
range 0-6 0-3 0-9 0-12 

 
We hypothesized that the quantity of utterances (i.e., students’ cognitive processes) in each of the four 

categories would not differ between PF and VF pairs. To test our assumptions, we calculated four Bayesian paired 
samples t-tests, one for each of the categories (calculated in JASP 0.14.00, for information on Bayesian statistics 
see Wagenmakers, Love et al., 2018; Wagenmakers, Marsman et al., 2018). The paired sample tests assessed the 
mean differences for each of the 15 matched model-observer-pairs. Figure 1 shows the plotted results for 
categories 1 to 4. Panel A shows the results for the category task orientation. The Bayes factor indicates that based 
on the given data the assumption that the matched model-observer-pairs in PF and VF do not differ in the number 
of task orientation processes (BF01; H0) is 3.80 times more likely than the assumption that PF and VF pairs differ 
in this category (BF10; H1), presenting a moderate evidence for our hypothesis (cf. Wagenmakers, Love et al., 
2018 for interpretations of Bayes factor). Panel B shows the plot for the category engagement with solution 

attempts. The Bayes factor gives an almost moderate evidence for the assumption that PF and VF pairs do not 
differ in the processes that deal with the generation and observation of solution attempts (BF01; H0), with a 
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 likelihood that is 2.65 times higher than the assumption of a difference between pairs (BF10; H1). Panel C shows 
with an anecdotal evidence for category 3 (elaboration of solution attempts) that the assumption that PF and VF 
pairs differ in analysis and interpretation processes is 1.56 more likely (BF10; H1) than the assumption that PF and 
VF pairs are similar (BF01; H0). Panel D represents the category evaluation of solution attempts. The Bayes factor 
indicates a moderate evidence for the assumption that PF and VF pairs differ in the frequency of evaluation and 
monitoring processes (BF10; H1), with a likelihood of 4.31 times higher than the assumption that they do not differ 
(BF01; H0). 

 

 
Figure 1: Plots of the Bayesian paired samples t-tests for all four categories 

Discussion and conclusion 
This paper explored the preparatory activities of two instructional settings in the field of PS-I: PF and VF. 
Research so far has presented mixed findings regarding the comparability of both activities, requiring further 
insights into the cognitive processes occurring in both PF and VF. We argued that students in both conditions 
show similar cognitive processes (i.e., prior knowledge activation and metacognitive evaluation and monitoring 
processes) as students in VF are encouraged to understand and follow the problem-solving processes of a PF 
model. We hypothesized that PF and VF model-observer-pairs would not differ in the quantity of verbalized 
cognitive processes in four categories: task orientation, engagement with, elaboration of, and evaluation of 

solution attempts. Our analyses confirmed our hypotheses for category 1 and 2 with moderate and near moderate 
evidence for the similarity of matched pairs in task orientation and engagement with solution processes. While 
our data indicated a difference between pairs for the category elaboration of solution attempts, this evidence was 
only anecdotal, meaning that it was almost as likely that students differ in this category as it was likely that they 
are similar. Descriptive statistics revealed that the conditions differed only by an average of two cognitive 
processes that were coded for this category. Taken together, these results indicate that indeed students in the PF 
and VF conditions display largely similar prior knowledge activation processes. Furthermore, the students’ prior 
knowledge processes in the category engagement with solution attempts (i.e., the generation or identification of 
solution ideas) appear to constitute the largest part of students’ processes, suggesting that the significance of prior 
knowledge activation as a preparatory mechanism might be higher than previously assumed. 
 Contrary to our hypothesis, PF and VF pairs differed in category 4, evaluation of solution attempts, which 
focuses on the metacognitive processes of evaluation and monitoring. Descriptively, students of the VF condition 
showed higher average amounts of evaluation and monitoring processes than students of the PF condition. Thus, 
VF students appear to not suffer losses in the preparation for subsequent learning but rather show additional 
metacognitive activities (i.e., evaluation and monitoring) compared to their PF models. Looking at the processes 
that only VF students can engage in such as the comparison of own ideas with those of the PF model and the 
identification of errors by the model, emphasizes the additional potential of the VF condition. The descriptive 
analyses revealed that the metacognitive process of error identification occurred most frequently out of the 
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 processes that were unique to the VF condition. Overall, the VF condition appears to show an additional 
engagement in evaluation and monitoring processes. This finding can be explained in the light of research on 
worked examples. Studies showed that problem solving imposes high cognitive demands on the learner as 
problem solving requires high working-memory resources when searching the problem space for potential 
solution steps (Sweller et al., 1982). Worked examples reduce the cognitive demands on the learner as they already 
present the correct solution steps (cf. Sweller & Cooper, 1985). Similarly, VF students do not have to engage in 
problem solving themselves, relieving them from the cognitive demands that come with the search of problem-
solving operators (i.e., mathematical tools or ideas to solve the problem) or next steps in the generation of a 
solution. Thus, observing examples in VF might free students’ cognitive capacities compared to the PF students, 
enabling them to engage in more evaluation and monitoring processes. Kapur (2014a) indeed found that PF 
students reported higher mental effort than students in VF. Further studies are needed to investigate the cognitive 
demands of examples of failure in the form of live-modeling examples on VF students as compared to a PF setting.  
 Overall, our inquiry confirmed a comparability of PF and VF with regards to their cognitive processes 
in our subsample. The model-observer-pairs largely did not differ in their prior knowledge activation processes. 
While PF and VF did differ in the frequency of evaluation and monitoring processes, this was due to a higher 
frequency in VF, which still enable comparability and indicate additional potentials of the VF condition. This 
allows concluding that PF and VF are comparable in their preparatory processes. The students of both conditions 
experienced not only similar preparatory processes, but also equal learning scores after instruction (see methods 
section for Bayes factor). These findings offer valuable information for future research and educational practice. 
Firstly, they take us one step further in identifying relevant aspects for the development of instructional designs 
that facilitate learning in PS-I. Future instructional designs can implement both PF and VF activities in order to 
afford the preparatory of prior knowledge activation. This offers new methodological possibilities to investigate 
PS-I preparatory mechanisms. For instance, so far, measuring and controlling the preparatory mechanism of prior 
knowledge activation has proven to be challenging. While different measures for prior knowledge activation were 
explored such as the quantity, quality, and diversity of solutions (i.e., the number of conceptually different solution 
attempts), only correlational relationships with learning were assessed and yielded mixed findings (e.g. Kapur, 
2012; Loibl & Rummel, 2014a). However, the comparability of PF and VF enables future studies to employ VF 
conditions to experimentally variate prior knowledge activation by showing students of a VF condition different 
types of solution ideas. This could provide valuable insights for understanding the preparatory effects in PS-I. 
Secondly, in educational practice, learning from students’ examples presents an efficient and resource-saving 
instructional approach compared to PF. Moreover, the generation of erroneous solutions usually deviates from 
students’ socio-mathematical expectations (i.e., the instructional methods they expect in mathematics classes) and 
students might be more used to studying examples. Therefore, the latter could function as a more accessible 
preparatory activity (cf. Kapur & Bielaczyc, 2012). 

We would like to highlight some limitations of our inquiry. The high standard deviations in the 
descriptive data indicate that the quantity of students’ cognitive processes varied a lot between participants. As 
the processes were based on think-aloud data, this could indicate that the number of coded utterances could have 
been confounded by individual factors such as students’ mathematical self-concept, how comfortable students 
were in verbalizing their thoughts, and general willingness to communicate. However, students’ self-concept was 
not associated with the total number of utterances, r(28) = .04, p = .84. 

In conclusion, the present research dealt with the preparatory activities in two PS-I settings: PF and VF. 
Previous studies examined whether students need to generate own solutions in order to be prepared for learning 
from instruction (e.g., Hartmann et al., 2020, 2021, Kapur, 2014a). Hartmann et al. (2021) found that VF students 
were equally prepared for subsequent learning than a PF condition. As a follow-up, this paper investigated the 
cognitive processes of PF and VF model-observer-pairs, hypothesizing that PF and VF students are equally 
prepared for subsequent learning. Our analyses revealed that the PF and VF pairs indeed showed similarities in 
their preparatory processes, specifically in their prior knowledge activation processes. Moreover, VF appeared to 
show additional potential for metacognitive evaluation and monitoring processes. 
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