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It is a well-established finding that example-based learning is a very effective and efficient instructional 
strategy for novices compared to practice problem-solving (Renkl, 2014; van Gog & Rummel, 2010) 
that may also enhance their self-efficacy (Bandura, 1997). Research conducted from a social learning 
theory perspective (Bandura, 1986) has shown the effectiveness of observational learning from mod-
elling examples in which a person (the ‘model’) demonstrates and explains a procedure either live or 
on video. Research conducted from a cognitive load theory perspective (Sweller, Ayres, & Kalyuga, 
2011) has shown the effectiveness of studying text-based worked examples in which the procedure is 
demonstrated in writing.

The design of the examples is a crucial factor in their effectiveness for learning and self-efficacy, however. 
Following early studies on learning from worked examples (e.g. Cooper & Sweller, 1987; Sweller & Cooper, 
1985), it was soon discovered that this is not always more effective than problem solving and that the effec-
tiveness depends on the design of the examples (e.g. examples that induce split attention are less effective; 
Tarmizi & Sweller, 1988). With regard to video modelling examples, design choices concern, for instance, which 
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effects of MOS were found. These findings suggest that the perceived origin 
of text-based worked examples is not important for learning.
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model should provide the demonstration. Research on the model-observer similarity (MOS) hypothesis has 
addressed the question of whether students’ learning outcomes and self-efficacy are enhanced by studying 
a model who is similar to them (e.g. in terms of gender or expertise).

Model-observer similarity

The MOS hypothesis states that the effectiveness of modelling depends in part on the degree to which 
observers perceive a model to be similar to them (Schunk, 1987). Modelling evokes an observer to 
engage in social comparison (Berger, 1977) and when a model successfully demonstrates a task, observ-
ers are likely to believe that they can perform the task as well, assuming they identify with the model 
(Bandura, 1981). Also, an observer may pay more attention and be more attracted to a model that is 
perceived as similar (Berscheid & Walster, 1969).

As Schunk (1987) postulated, ‘similarity serves as an important source of information for gauging 
behavioural appropriateness, formulating outcome expectations, and assessing one’s self-efficacy for 
learning or performing tasks’ (p. 149). novice learners are presumably most influenced by MOS, as social 
comparison is more likely when self-efficacy and perceived competence are still low (Buunk, Zurriaga, 
Gonzalez-Roma, & Subirats, 2003). Thus, the MOS hypothesis predicts that a higher degree of similarity 
between novice learners and their model positively affects both cognitive (i.e. test performance) and 
affective aspects of learning, such as self-efficacy and perceived competence. Self-efficacy and perceived 
competence are important factors in learning. Self-efficacy affects factors such as study behaviour, 
academic motivation, and learning outcomes (Bandura, 1997; Bong & Skaalvik, 2003). Additionally, 
the related construct of perceived competence, which reflects broader perceptions and knowledge of 
one’s own abilities than self-efficacy (Bong & Skaalvik, 2003; Klassen & usher, 2010), also affects learning 
outcomes and academic motivation (Bong & Skaalvik, 2003; Harter, 1990). Several MOS factors may 
play a role in learning, such as gender and perceived expertise.

Gender

Gender is one of the most salient MOS factors because another person’s gender is among the first 
things that we notice in social interactions (Contreras, Banaji, & Mitchell, 2013). A substantial amount 
of research has investigated whether it is better to observe a same-gender model relative to an oppo-
site-gender model. Schunk (1987) reviewed effects of gender similarity on learning outcomes and 
self-efficacy, and reported mixed results. In his review, Schunk suggested that the appropriateness 
of the modelled behaviour might moderate effects of gender similarity; gender similarity might only 
play a role when a skill or behaviour is deemed more appropriate for males or females. This could 
explain why classic studies found that boys displayed more imitative aggression after observing a 
male model displaying aggression towards a doll relative to observing a female model (Bandura, Ross, 
& Ross, 1963; Hicks, 1965), while Schunk, Hanson, and Cox (1987) found no effects on self-efficacy nor 
learning for students (grade 4 to 6) who observed a female or male model solving fraction problems 
(participants were likely too young to associate a mathematical task with gender; Ceci, Ginther, Kahn, 
& Williams, 2014).

With technological advancements, new forms of modelling examples have emerged, such as video 
modelling examples in which one may hear models explaining the task while seeing the models’ com-
puter screens, without seeing the models themselves (e.g. McLaren, Lim, & Koedinger, 2008). More 
recent research has investigated the question how MOS affects learning from these learning types of 
examples. Several recent studies compared learning from dynamic visualisations (i.e. video, animation) 
accompanied by a male or female voice-over. Surprisingly, in view of the idea that the gender appropri-
ateness of the behaviour may be important for perceived similarity, Linek, Gerjets, and Scheiter (2010) 
found that for university students who learned about probability calculation, a female voice was more 
preferred and more conducive to learning outcomes. Rodicio (2012), however, did find effects in favour 
of male narration over female narration in terms of learning outcomes for university students learning 
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about geography and Lee, Liao, and Ryu (2007) found that a male computer-generated voice relative 
to a female one led to a more positive evaluation and higher trust and confidence levels when learning 
about male topics such as football and knights.

Animated pedagogical agent studies have also shown benefits of interacting with male agents, 
especially for tasks that are more associated with men. For example, Arroyo, Woolf, Royer, and Tai (2009) 
found that students learned more about mathematics and showed a more positive attitude towards 
a male agent relative to a female agent. Baylor and Kim (2004) found that male agents were assessed 
as more intelligent, useful, interesting, and satisfactory relative to female agents when learning an 
educational technology task. However, both male and female students tended to select a same-gender 
agent when given the choice (Ozogul, Johnson, Atkinson, & Reisslein, 2013).

Expertise

Another MOS factor that may play a role in learning is expertise of the model. The MOS hypothesis 
(Schunk, 1987) predicts that for novices, it is more conducive for self-efficacy and learning when a model 
is perceived as similar in expertise (e.g. a peer student) than when a model is perceived as dissimilar 
in expertise (e.g. a teacher). A substantial number of studies have compared learning from a coping 
model, who shows performance errors that are gradually corrected and/or expressions of uncertainty 
that are gradually reduced, to a mastery model, who displays faultless performance from the beginning. 
Findings have been mixed, however, and may depend on students’ ability. For instance, in math, mas-
tery and coping models seem to be equally effective for learning when students are of average ability 
(Schunk & Hanson, 1989) or when they are of weak ability but have already experienced success on the 
modelled task (e.g. Schunk & Hanson, 1985). When weaker students have no prior experience with the 
modelled task, however, coping models were more effective (Schunk et al., 1987). More recent studies 
have shown that for novice learners, studying coping models is not only more effective for learning, 
but also fosters affective aspects of learning such as self-efficacy and task interest more than mastery 
models do (Kitsantas, Zimmerman, & Cleary, 2000; Zimmerman & Kitsantas, 2002).

Another line of research has contrasted effects of a high expertise model to a low expertise model. 
Older studies indicate that on a wide range of measures, more expert models lead to more favourable 
outcomes for primary school children (e.g. Sonnenschein & Whitehurst, 1980). More recently, Braaksma, 
Rijlaarsdam, and van den Bergh (2002) taught secondary education students how to write an argumen-
tative text using video examples of both strong and weak peer models. As predicted, weaker students 
benefited more from focusing on weak models, whereas better students learned more from focusing 
on strong models. When looking at transfer, however, indications have been found in studies in profes-
sional education that studying worked examples created by expert models may be more conducive to 
transfer than studying worked examples created by advanced peer student models; presumably, the 
higher degree of abstraction of expert explanations fosters transfer (Boekhout, van Gog, van de Wiel, 
Gerards-Last, & Geraets, 2010; Lachner & nückles, 2015).

In all of the studies discussed above, there were actual expertise differences in the models’ perfor-
mance, and therefore the effects on learning and self-efficacy might have been due to the content of 
the examples rather than the perceived expertise of the model. To the best of our knowledge, only 
animated pedagogical agent studies have examined effects of perceived similarity in expertise (some-
times in conjunction with related factors, such as model age), while keeping the learning content the 
same. For instance, Kim, Baylor, and Reed (2003) showed that a younger looking mentor-like agent 
was more motivating to learn from than an older looking expert agent, although no effects on test 
performance were found. Rosenberg-Kima, Baylor, Plant, and doerr (2008) found that a ‘young and cool’ 
agent enhanced female university students’ self-efficacy more than ‘young and uncool’ and ‘older and 
(un)cool’ agents when learning about engineering. Baylor and Kim (2004) compared learning about 
educational technology from agents that represented the roles of expert, motivator or mentor. Their 
findings showed that learning from an expert was less conducive for self-efficacy relative to the other 
two roles, possibly because the expert was seen as more intelligent.
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The present study

Most research on the MOS hypothesis has been conducted on video (e.g. Braaksma et al., 2002; Schunk 
& Hanson, 1985, 1989) or animated (e.g. Baylor & Kim, 2004; Kim et al., 2003; Rosenberg-Kima et al., 
2008) models. A few studies have used written text-based examples, although, as mentioned above, 
these written worked examples created by different models actually differed in content (Boekhout et 
al., 2010; Lachner & nückles, 2015). It is, therefore, an open question whether perceived similarity with 
the ‘model’ who created the example, in terms of gender or expertise, would also affect learning from 
text-based worked examples of the exact same content. If so, information about the origin of examples 
could be adaptively changed in online learning environments to match student characteristics in order 
to optimise learning and/or self-efficacy. The present study addresses this question in two experiments.

It is investigated whether it is more effective for secondary education students to study text-based 
worked examples on a science topic that they believe to have been designed by a peer of the same or 
opposite sex (MOS: gender; Experiment 1) or a peer student or teacher (MOS: expertise; Experiment 
2) in terms of learning outcomes, self-efficacy, and perceived (own) competence. To ensure that any 
potential MOS effects would not be due to the characteristics of one particular model, three models 
were used per condition in both experiments. Effort investment (i.e. an indicator of cognitive load) 
was also measured during learning and during the post-test to further examine effects on the learning 
process. Lastly, students evaluated the ‘models’ who they believed had ‘created’ the examples, in terms 
of attractiveness, friendliness and intelligence, and evaluated the examples in terms of quality. The 
examples that were used have proven to be effective for learning in other studies (van Gog et al., 2015; 
van Gog, Kester, & Paas, 2011) and the content of the examples was kept identical across conditions, 
so that only the perceived similarity between observer and model could affect the outcome variables.

Experiment 1

Method

Participants and design
The experiment had a 2 × 2 design, with Gender Observer (Male vs. Female) and Gender Model (Male 
vs. Female) as between-subject factors. A power analysis (α = .05, power = .80) was conducted to deter-
mine how many participants we would need to be able to reliably detect medium-sized effects, and 
this analysis revealed that the minimum number of participants required was 128. Participants were 
147 secondary education students (Mage = 14.43, SD = .58; 74 male) in their third year of pre-university 
education. Students were quasi-randomly (i.e. matched for gender, e.g. for each boy assigned to the 
male model condition, another was assigned to the female model condition) allocated to either the 
male peer model (37 girls, 37 boys) or female peer model (36 girls, 37 boys) condition. The students were 
novices to troubleshooting electrical circuit problems at the time of the experiment, as this content 
had not yet been covered in their curriculum.

Materials

The paper-based materials that focused on learning to solve electrical circuit troubleshooting problems 
had been used and proven effective in prior studies (van Gog et al., 2011, 2015).

Conceptual prior knowledge test
The conceptual prior knowledge test contained seven questions (open-ended) on troubleshooting and 
parallel circuits principles. Examples of pretest items are: ‘What do you know about the total current in 
a parallel circuit? (answer: it is the sum of the currents in each of the parallel branches)’ and ‘If the total 
current in a parallel branch is lower than you would expect, what does that tell you about the resistance 
in the circuit? (answer: the resistance is higher than you would expect)’.
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Introduction and formula sheet
The abbreviations of the components of the circuit drawing were explained as well as a description of 
Ohm’s law and the three different forms of the formula (i.e. U = R × I; R = U/I; I = U/R) on one A4-sized page.

Acquisition phase tasks
The worked examples presented a malfunctioning parallel electrical circuit and fully worked out solu-
tions of how to identify the fault, using Ohm’s law (see Appendix 1 for an example). The top of the 
page in each example presented a circuit drawing that indicated how much voltage the power source 
delivered and how much resistance each resistor provided. The examples started by explaining how to 
determine the current that should be measured at each of the ammeters when the circuit would function 
correctly. next, faulty ammeter measurements were presented and based on the information in the 
circuit and the formula sheet, the current that should be measured (i.e. if the system were functioning 
correctly) in each of the parallel branches as well as overall was calculated. It was then stated that if 
one compared the calculated measurements at step 1 to those given at step 2, it could be inferred in 
which branch the resistance differed from the resistance indicated in the diagram, and that the actual 
measurement at step 2 could be used to find the actual value of the resistor.

All conditions were presented with the same four worked examples, with the only difference being 
the picture and brief description (name, age and class) of the model at the top left of the page. The 
first two and last two examples contained the same fault. That is, in the first two, lower current was 
measured in a particular parallel branch, which is indicative of higher resistance in that branch, while 
in the last two higher current was measured in a particular parallel branch, which is indicative of lower 
resistance in that branch.

Post-test
The post-test presented two troubleshooting tasks in a problem-solving format. The first task was 
isomorphic to one pair of the training tasks and the second task contained the two faults encountered 
in the worked examples simultaneously. The test problems asked participants to answer the following 
questions: ‘determine how this circuit should function using Ohm’s law, that is, determine what the 
current is that you should measure at each of the ammeters’; ‘Suppose the ammeters indicate the 
following measurements: ….’ (this was given); ‘What is the fault and in which component is it located?’

Mental effort
Invested mental effort was measured with the subjective rating scale developed by Paas (1992), which 
ranges from (1) very, very low effort to (9) very, very high effort.

Self-efficacy and perceived competence
The self-efficacy measure asked participants to indicate on a nine-point scale ranging from (1) very, very 
unconfident to (9) very, very confident to what extent participants believed that they had mastered 
the skill of troubleshooting electrical circuit problems. We adopted this measure from Hoogerheide, 
Loyens, and van Gog (2014) in which the question was phrased in accordance with recommendations 
provided by Bandura (2006). Perceived competence was measured with an adapted version of the 
Perceived Competence Scale for Learning (Williams & deci, 1996). While this scale originally contains 
four questions, the question ‘I am able to achieve my goals in this course’ was removed because it did 
not apply in the context of the current study, leaving the following three questions: ‘I am capable of 
learning the material in this course’, ‘I feel confident in my ability to learn this material’, ‘I feel able to 
meet the challenge of performing well in this course’. We changed ‘course’ into ‘troubleshooting elec-
trical circuit problems’ in all three items. note that for both self-efficacy and perceived competence, the 
phrasing of the questions differed before vs. after the acquisition phase. On the pretest, the questions 
asked to which degree participants were confident in learning how to troubleshoot electrical circuit 
problems, while after the acquisition phase the questions asked to which degree participants were 
confident in their acquired skills.
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Example quality and model evaluation
Participants’ impression of the quality of the worked examples was measured on a scale of 1 (very, 
very bad quality) to 9 (very, very good quality). Moreover, participants indicated on a scale of 1–7 how 
attractive, friendly and intelligent they found the model.

Procedure

Prior to the experiment, participants had been quasi-randomly assigned to the conditions (based on a 
name list). The experiment lasted ca. 50 min and was run in a classroom in participants’ schools with an 
entire class of students present. When entering the classroom, participants were instructed to sit down 
at the desk containing the envelope with their name on it. Each envelope contained three booklets. 
First, participants received seven minutes to fill in Booklet 1, which contained a brief demographic 
questionnaire and the conceptual prior knowledge test. At the end of Booklet 1, participants indicated 
their self-efficacy and perceived competence. Participants were then instructed to put aside Booklet 
1 and to take out Booklet 2, which presented the four examples and had the formula sheet inserted. 
Participants first received two minutes to study the formula sheet, after which they were instructed 
to read the short introduction on the first page for a minute. For the male peer model materials, the 
introduction stated: ‘you are about to study four examples in which it is explained how to troubleshoot 
electrical circuit problems. These examples were created by Jan/Maarten/Peter van Zomeren (15 years 
old, 4th year pre-university education student). [A photo followed here (see Figure 1)]. Study these 
examples well, because later on you will be asked to solve similar problems yourself’. The introduction 
of the female models was identical, except that the names and photos differed (female names were 
chosen to closely resemble the male names: Janine/Maartje/Petra van Zomeren).

Participants then studied the four worked examples sequentially, each printed on a separate page. 
The top left corner of each worked example showed the same picture, age and student status from the 

Figure 1. Male and female peer models used in Experiment 1.
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model’s introduction. Participants were not allowed to turn over pages unless explicitly instructed. The 
experimenter indicated after three minutes that participants were allowed to move on to the next exam-
ple. Each worked example was followed by a mental effort rating scale, and at the end of the booklet 
participants rated the quality of the examples, and their self-efficacy and perceived competence. next, 
participants used the remaining time (max. 12 min) for Booklet 3, which contained the two post-test 
tasks. Each test task was followed by a mental effort rating scale and at the end of the test the model 
evaluation questions were administered. Participants were allowed to use a calculator and a newly 
handed out formula sheet, and the model’s picture was shown on the model evaluation question page.

Data analysis

Participants could earn ten points on the conceptual prior knowledge test. For the post-test, the max-
imum score was three points for the first task with only one fault (one for calculating the correct value 
of all ammeters, one for indicating the faulty resistor, and one for indicating what the actual value of 
the faulty resistor was) and five points for the second task with two faults (an extra point for indicating 
the second faulty resistor and for calculating its resistance). For incomplete or partially correct answers, 
on both the prior knowledge and the post-test, half points were given. The scoring procedure was 
based on coding schemes that had been used before by van Gog et al. (2011, 2015), which are very 
straightforward and leave little room for interpretation. Therefore, scoring was done by a single rater.

Results

A preliminary analysis was conducted to test whether the three male and three female models had 
differential effects on the outcome measures. Results showed a main effect of students’ perceptions of 
the female model’s attractiveness, F(2,70) = 8.94, p < .001, �2

p = .203. Follow-up tests with a Bonferroni 
correction showed that one of the female models was rated as significantly more attractive than the 
other two (p = .001 and .002). no other significant effects were found, and therefore we proceeded 
analysing the data at condition level.

data were analysed using 2 × 2 AnOVAs, with Gender Observer (Female, Male) and Gender Model 
(Female, Male) as between-subject factors, unless otherwise specified. Interactions were further ana-
lysed with t-tests. The test performance, invested mental effort, self-efficacy and perceived competence 
scores can be found in Table 1, and ratings of the examples’ quality and perceived model characteristics 
in Table 2.

Test performance
The analysis of the conceptual prior knowledge test scores revealed a main effect of Gender Observer, 
F(1,143) = 5.97, p = .016, �2

p = .040, indicating that male students (M = 2.99, SD = 1.39) had more prior 
knowledge than female students (M = 2.43, SD = 1.40). There was no main effect of Gender Model, 
F(1,143) = 2.39, p = .142, �2

p = .015, nor an interaction effect, F(1,143) = 1.23, p = .269, �2p = .009.
The analysis of post-test performance showed a main effect of Gender Observer, F(1,143) = 6.23, 

p = .014, �2
p = .042, with male students (M = 4.65, SD = 2.44) outperforming female students (M = 3.65, 

SD = 2.37). There was no main effect of Gender Model, nor an interaction effect (both Fs < 1).

Mental effort
The analysis of mental effort invested during example study revealed a main effect of Gender Observer, 
F(1,143) = 5.35, p = .022, �2p = .036, indicating that male students (M = 3.00, SD = 1.59) invested less 
mental effort than female students (M = 3.63, SD = 1.71). There was neither a main effect of Gender 
Model nor an interaction effect, both Fs < 1. The same pattern of results was found with regard to effort 
invested in completing the post-test tasks: A main effect of Gender Observer, F(1,143) = 11.13, p = .001, 
�
2
p = .072, with males (M = 3.95, SD = 1.90) investing less effort than females (M = 4.99, SD = 1.91), but 

no main effect of Gender Model and no interaction effect, both Fs < 1.
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Self-efficacy and perceived competence
There were 54 missing values on the self-efficacy measurement after the pretest (leaving 24 participants 
in both female student conditions, and respectively 22 and 23 in the male student–male model and 
male student–female model condition) because students overlooked the self-efficacy question on the 
page. There were no significant differences on self-efficacy measured after the pretest and prior to the 
acquisition phase (Gender Observer: F(1,89) = 3.12, p = .081, �2

p = .034; Gender Model: F < 1; interaction: 
F(1,89) = 1.14, p = .288, �2

p = .013). On self-efficacy after the acquisition phase, there was a main effect of 
Gender Observer, F(1,139) = 10.88, p = .001, �2p = .073. Male students (M = 6.41, SD = 1.71) showed higher 
confidence than female students (M = 5.51, SD = 1.55). There was no main effect of Gender Model, nor 
an interaction effect, both Fs < 1.

The analysis of students’ perceived competence after the pretest (prior to the acquisition phase), 
showed a main effect of Gender Observer, F(1,143) = 10.48, p = .001, �2

p = .068. Male students (M = 5.37, 
SD = 1.24) showed higher perceived competence than female students (M = 4.73, SD = 1.21). There 
was no main effect of Gender Model, F(1,143) = 1.61, p =  .207, �2

p =  .011, and no interaction effect, 
F(1,143) = 1.49, p = .224, �2

p = .010. After the acquisition phase, male students (M = 5.62, SD = 1.29) still 
showed higher perceived competence than female students (M = 4.85, SD = 1.39), as indicated by a 
main effect of Gender Observer, F(1,139) = 11.69, p = .001, �2

p = .078. However, there was neither a main 
effect of Gender Model nor an interaction effect, both Fs < 1.

Example quality and model evaluation
On the example quality and each of the model evaluation questions, there was one missing value, 
leaving 146 participants. The students rated the quality of the examples as high, and there were no sig-
nificant differences (Gender Observer: F(1,142) = 1.29, p = .259, �2p = .009; Gender Model: F(1,142) = 1.51, 
p = .221, �2p = .011; interaction: F < 1). The scores of the model’s attractiveness showed no effect of Gender 
Observer, F(1,142) = 2.96, p = .088, �2p = .020, or Gender Model, F < 1, but the interaction between Gender 
Observer and Gender Model was significant, F(1,142) = 5.68, p = .018, �2p = .038. Follow-up tests showed 
that this effect was caused by a difference in model evaluation by the female students: they rated the 
female models (M = 4.56, SD = 1.50) as more attractive than the male models (M = 3.70, SD = 1.75), 
p = .029, �2

p = .066, and they evaluated the female models as significantly more attractive than the male 
students did (M = 3.41, SD = 1.91). There were no significant effects on students’ perceptions of model 

Table 1.  Mean (sd) of test performance, invested mental effort, self-efficacy and perceived competence per condition in  
Experiment 1.

Male observer Female observer

Male model Female model Male model Female model
Performance pretest (range 0–10) 3.28 (1.43) 2.69 (1.29) 2.47 (1.47) 2.39 (1.35)
Performance post-test (range 0–8) 4.77 (2.37) 4.53 (2.54) 3.45 (2.31) 3.86 (2.44)
Mental effort study phase (range: 1–9) 3.16 (1.71) 2.85 (1.47) 3.55 (1.75) 3.72 (1.69)
Mental effort post-test (range 1–9) 3.88 (1.89) 4.01 (1.92) 4.77 (2.15) 5.22 (1.62)
self-efficacy pretest (range 1–9) 5.41 (1.79) 5.70 (1.66) 5.17 (1.49) 4.71 (1.76)
self-efficacy post-test (range 1–9) 6.30 (1.79) 6.51 (1.64) 5.62 (1.42) 5.39 (1.68)
Perceived competence pretest (range 1–7) 5.38 (1.28) 5.37 (1.22) 4.97 (1.15) 4.47 (1.23)
Perceived competence post-test (range 1–7) 5.63 (1.42) 5.61 (1.18) 5.05 (1.23) 4.65 (1.52)

Table 2. Mean (sd) of example quality and model evaluation scores per condition in Experiment 1.

Male observer Female observer

Male model Female model Male model Female model
Example quality (range 1–9) 6.73 (1.35) 6.78 (1.18) 6.28 (1.50) 6.75 (1.11)
Perceived attractiveness (range 1–7) 3.89 (1.58) 3.41 (1.91) 3.70 (1.75) 4.56 (1.50)
Perceived friendliness (range 1–7) 5.32 (1.13) 5.42 (1.18) 5.00 (1.53) 5.56 (1.30)
Perceived intelligence (range 1–7) 5.22 (1.42) 5.28 (1.30) 4.95 (1.49) 5.69 (1.04)
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friendliness (Gender Observer: F(1,142) = 2.29, p = .133, �2p = .016; Gender Model: F < 1; interaction: 
F(1,142) = 1.17, p = .281, �2

p = .008) or intelligence (Gender Observer: F(1,142) = 3.41, p = .067, �2p = .023; 
Gender Model: F < 1; interaction: F(1,142) = 2.45, p = .119, �2

p = .017).

Discussion

The results of this experiment showed no effects of the model’s gender on learning outcomes; test 
performance after studying worked examples was not significantly different when students were 
told that the examples had been created by a male peer student or a female peer student. Male 
students showed higher confidence in their own capabilities and also showed better test perfor-
mance than female students, with less effort investment during example study and test performance, 
but no MOS effects were found on test performance, self-efficacy, perceived competence or effort 
investment.

Participants also did not differ in their estimation of the examples’ quality. With respect to how the 
models were perceived, the results showed that overall the male and female peer models were per-
ceived as equally intelligent and friendly. There was an interaction effect with regard to model attrac-
tiveness, however: female students evaluated the female models as being more attractive than male 
models, and female students also rated female models as being more attractive than male students 
did. nevertheless, overall, based on Experiment 1, there seems to be no indication that MOS in terms of 
gender would affect learning how to troubleshoot electrical circuit problems from text-based worked 
examples. Experiment 2 investigated MOS in terms of perceived model expertise.

Experiment 2

Experiment 2 used the same materials to test the MOS hypothesis with regard to perceived expertise 
in text-based worked examples, by presenting those as having been created by a male peer model 
(i.e. more similar in expertise and age) or a male teacher model (i.e. dissimilar in expertise and age).

Participants and design

The experiment had a 2 × 2 design, with Gender Observer (Male vs. Female) and Model Expertise (Peer vs. 
Teacher) as between-subject factors. Participants were 130 secondary education students (Mage = 14.63, 
SD = .68; 71 male) in their third year of pre-university education (the highest secondary education level 
in The netherlands). Students were quasi-randomly allocated (i.e. matched for gender, e.g. for each boy 
assigned to the peer model condition, another was assigned to the teacher model condition) to the 
peer model (29 girls, 36 boys) or teacher model (30 girls, 35 boys) condition. The students were novices 
to troubleshooting electrical circuit problems at the time of the experiment.

Materials, procedure and data analysis

The same materials and procedure were used as in Experiment 1, with two exceptions. Firstly, the sec-
ondary education students were either led to believe via a short story and pictures that the materials 
were created by one of three male peer models (the same peer models as in Experiment 1), or one of 
three male teacher models (see Figure 2). The same names used for the peer models (Jan/Maarten/
Peter van Zomeren) were also used for the teacher models, who were further stated to be 42 years old 
and a science teacher.

Secondly, we also explored effects of learning enjoyment. Prior research has shown that with learning 
materials that present more social cues, learning enjoyment may differ depending on the design of 
the example-based instruction (Hoogerheide et al., 2014). Moreover, learning with an animated peer 
agent has been shown to be more enjoyable to interact with than an animated teacher agent (Liew, 
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Tan, & Jayothisa, 2013). Lesson enjoyment was measured on a scale of 0 (entirely unenjoyable) to 10 
(very enjoyable). Scoring was done as in Experiment 1.

Results

Again, a preliminary analysis was conducted to test whether the three peer and three teacher 
models had differential effects on the outcome measures. Results showed a main effect of students’ 
perceptions of the teacher model’s intelligence, F(2,62)  =  4.15, p  =  .020, �2p  =  .118. Bonferroni-
corrected post-hoc tests showed that one of the models was perceived as more intelligent than 
the other two (p =  .043 and .050). no other effect was significant, and therefore we proceeded 
analysing the data at condition level.

unless otherwise specified, the analyses were completed using 2 × 2 AnOVAs, with Gender Observer 
(Female, Male) and Model Expertise (Peer, Teacher) as between-subject factors. The test performance, 
invested mental effort, self-efficacy and perceived competence scores can be found in Table 3, and 
lesson enjoyment, quality of examples and perceived model characteristics in Table 4.

Test performance
The analysis of the conceptual prior knowledge test scores revealed a main effect of Gender Observer, 
F(1,126) = 10.99, p = .001, �2

p = .080. As in Experiment 1, male students (M = 2.30, SD = 1.23) scored 
significantly higher than female students (M = 1.60, SD = 1.12). There was no main effect of Model 
Expertise, or an interaction, both Fs < 1. There were no significant effects on post-test performance 
(Gender Observer: F(1,126) = 2.88, p = .092, �2

p = .022; Model Expertise and interaction: Fs < 1).

Mental effort
There were no significant effects on mental effort during example study (Gender Observer and Model 
Expertise: Fs < 1; interaction, F(1,126) = 3.32, p = .071, �2

p = .026) or mental effort invested in completing 

Figure 2. Male peer (top row) and male teacher (bottom row) models used in Experiment 2.
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the post-test tasks (Gender Observer, F(1,126) = 2.00, p = .159, �2p = .016; Model Expertise and interac-
tion, Fs < 1).

Self-efficacy and perceived competence
There were 35 missing values on the self-efficacy measurement on the pretest (leaving 22 and 23 
participants in the female student – peer model and female student – teacher model condition, 
respectively, and 24 and 26 participants in the male student peer model and male student teacher 
model condition, respectively), and two missing values after the acquisition phase (both from the 
male student – peer model condition). There were no significant effects on the self-efficacy meas-
urement after the pretest (Gender Observer: F(1,91)  =  1.86, p  =  .178, �2

p  =  .020; Model Expertise: 
F < 1; interaction: F(1,91) = 1.91, p = .170, �2

p = .021), or after the acquisition phase (Gender Observer: 
F(1,124) = 2.62, p = .108, �2

p = .021; Model Expertise: F(1,124) = 1.47, p = .228, �2p = .012; interaction: 
F(1,124) = 2.60, p = .109, �2

p = .021).
One participant from the male student peer model condition did not fill in the perceived compe-

tence measurement after the acquisition phase. With regard to students’ perceived competence after 
the pretest, there was a main effect of Gender Observer as in Experiment 1, F(1,126) = 11.74, p < .001, 
�
2
p = .085, with male students (M = 5.27, SD = 1.32) showing higher perceived competence than female 

students (M = 4.50, SD = 1.29). There was no main effect of Model Expertise, F(1,126) = 1.46, p = .228, 
�
2
p = .011, nor an interaction effect, F(1,126) = 3.54, p = .062, �2p = .027. On perceived competence after 

the acquisition phase, there was no longer a main effect of Gender Observer, F(1,125) = 3.14, p = .079, 
�
2
p = .025, and there was no effect of Gender Model, F < 1, nor an interaction, F(1,125) = 1.16, p = .284, 
�
2
p = .009.

Lesson enjoyment, example quality and model evaluation
The analysis of lesson enjoyment scores showed a main effect of Gender Observer, F(1,125) = 5.91, 
p = .017, �2

p = .045, with male students (M = 5.27, SD = 2.62) showing higher lesson enjoyment than 
female students (M = 4.22, SD = 2.22). There was, however, no main effect of Model Expertise, F < 1, nor 
an interaction effect, F(1,125) = 3.01, p = .085, �2

p = .023. There were no effects on students’ perceptions 
of the quality of the examples (all Fs < 1).

Table 3.  Mean (sd) of test performance, invested mental effort, self-efficacy and perceived competence per condition in  
Experiment 2.

Male observer Female observer

Peer model Teacher model Peer model Teacher model
Performance pretest (range 0–10) 2.28 (1.24) 2.31 (1.27) 1.76 (1.07) 1.45 (1.15)
Performance post-test (range 0–8) 3.62 (2.54) 4.24 (2.39) 4.55 (2.42) 4.80 (2.57)
Mental effort study phase (range: 1–9) 4.00 (1.94) 3.42 (1.66) 3.50 (1.73) 4.02 (1.43)
Mental effort post-test (range 1–9) 4.46 (2.40) 4.29 (2.05) 5.02 (2.09) 4.77 (1.66)
self-efficacy pretest (range 1–9) 5.08 (1.91) 5.81 (1.74) 5.09 (1.48) 4.91 (1.04)
self-efficacy post-test (range 1–9) 5.59 (2.08) 6.43 (1.46) 5.59 (1.84) 5.47 (1.17)
Perceived competence pretest (range 1–7) 4.92 (1.52) 5.63 (.97) 4.57 (1.44) 4.42 (1.16)
Perceived competence post-test (range 1–7) 5.03 (1.33) 5.47 (1.11) 4.87 (1.39) 4.83 (1.21)

Table 4. Mean (sd) of lesson enjoyment, example quality and model evaluation scores per condition in Experiment 2.

Male observer Female observer

Peer model Teacher model Peer model Teacher model
lesson enjoyment (range 0–10) 4.89 (2.86) 5.66 (2.33) 4.59 (2.24) 3.87 (2.18)
Example quality (range 1–9) 6.33 (2.06) 6.60 (1.31) 6.72 (1.22) 6.57 (1.25)
Perceived attractiveness (range 1–7) 3.67 (1.90) 4.29 (1.95) 3.72 (1.25) 3.03 (1.38)
Perceived friendliness (range 1–7) 5.53 (1.13) 5.17 (1.69) 5.31 (.89) 4.87 (1.43)
Perceived intelligence (range 1–7) 5.26 (1.80) 5.46 (1.58) 5.41 (1.09) 5.60 (1.13)
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With respect to the model evaluation questions, there was a main effect of Gender Observer on 
perceived model’s attractiveness, F(1,126) = 4.09, p = .045, �2

p = .031. Male students (M = 3.97, SD = 1.93) 
rated the models as more attractive than female students (M = 3.37, SD = 1.35). There was no main 
effect of Model Expertise, F < 1, but we did find a significant interaction between Gender Observer 
and Model Expertise, F(1,126)  =  4.92, p  =  .028, �2

p  =  .038. When investigating the effects of Model 
Expertise for each Observer Gender condition separately, an effect was only found for the teacher 
models, F(1,63) = 8.67, p = .005, �2

p = .121, with male students rating the teacher model as significantly 
more attractive (M = 4.29, SD = 1.95) than female students (M = 3.03, SD = 1.38). When investigating 
the effects of Gender Observer for each Model Expertise condition separately, there was an effect only 
for the female students, F(1,57) = 4.06, p = .049, �2

p = .067, who evaluated the peer students (M = 3.72, 
SD = 1.25) as more attractive than the teacher models (M = 3.03, SD = 1.38). There were no effects on 
ratings of model friendliness (Gender Observer: F(1,126) = 1.24, p = .268, �2

p = .010; Model Expertise: 
F(1,126) = 2.90, p = .091, �2

p = .023; interaction: F < 1) or intelligence (all Fs < 1).

Discussion

As in Experiment 1, there were no effects of MOS on post-test performance, self-efficacy, perceived 
competence or effort investment. Male students, as in Experiment 1, overall showed somewhat higher 
conceptual knowledge and perceived competence prior to studying the examples, as well as higher 
lesson enjoyment than female students. However, this higher confidence and enjoyment shown by 
male students was – in contrast to Experiment 1 – not accompanied by significantly higher post-test 
performance in Experiment 2.

With respect to students’ perceptions of the models, the results showed that overall, the peer and 
teacher models were perceived as equally intelligent and friendly. The only difference that was found, 
was on perceived attractiveness: male students rated the teacher models as more attractive than female 
students, and female students evaluated the peer students as more attractive than the teacher models.

General discussion

Two experiments investigated the MOS hypothesis (Schunk, 1987) with text-based worked examples. 
More specifically, it was investigated whether similarity to the ‘model’ who supposedly created the 
example, in terms of gender (Experiment 1) or expertise (Experiment 2), would affect learning from 
worked examples that were otherwise identical in content. neither Experiment 1, nor Experiment 2 
showed MOS effects on learning outcomes, self-efficacy and perceived competence, or effort invest-
ment. Although there were interaction effects on ratings of the model’s attractiveness, these were 
inconsequential with regard to the main outcome variables.

A likely reason for why learning outcomes did not differ as a function of MOS is that we, in contrast 
to prior studies (e.g. Boekhout et al., 2010; Braaksma et al., 2002; Lachner & nückles, 2015), kept the 
content of the examples identical across conditions. This does not necessarily explain, however, why 
there were no MOS effects on self-efficacy or perceived competence. Possibly, our text-based exam-
ples with pictures of the ‘models’ did not provide sufficiently strong social cues. Such cues are more 
strongly available when learning with modelling examples or animated pedagogical agents, and they 
may stimulate learners to engage in a social comparison by linking the presented content to their 
own personal self (Mayer, 2014), which might affect self-efficacy or perceived competence. This could 
explain why, even with otherwise identical content, studies with animated agents did show MOS effects, 
whereas the present study did not. It would be interesting to address MOS effects in worked examples 
that contain more cues regarding the model, as was the case, for instance, in studies on learning from 
‘heuristic worked examples’. In such examples not only the solution procedure is presented, but stu-
dents’ attention is also focused on domain-specific principles as well as strategies that could help solve 
similar problems, by means of a worked out solution by a fictitious peer student (Kollar et al., 2014) or 
a ‘discussion’ among two fictitious students (e.g. Hilbert, Renkl, Kessler, & Reiss, 2008).
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A strength of this study was the use of different models in each condition; as such, it can be ruled 
out that the effects on attractiveness or the lack of effects on other variables would be due to the char-
acteristics of one particular model. A potential limitation of the current study is that only one type of 
learning task was used; we cannot exclude the possibility that effects would arise with a different type 
of task or a task from another domain. Prior research on perceived similarity effects has, however, used 
science tasks to great effect (e.g. Moreno & Flowerday, 2006; Rosenberg-Kima et al., 2008) and because 
science is typically more associated with males than females (nosek et al., 2009), MOS effects could 
be expected, especially with regard to gender, because similarity functions as an important source of 
information for assessing behavioural appropriateness (Schunk, 1987). Another potential limitation 
is that, because several constructs were assessed by single item questions, we cannot rule out the 
possibility that the lower reliability associated with single item questions might have contributed to 
the lack of MOS effects. Finally, because we did not have a manipulation check of whether students 
remembered the model’s name, age, gender, or expertise (which would have interfered with post-test 
performance when assessed straight after the learning phase, whereas post-test performance might 
have interfered with memory for this information when assessed after the test phase), we do not know 
to what extent the learners were aware of the model characteristics during example study. note though, 
that we gave an elaborate description of the model on the first page, and gave photo, name and age 
on the top of the page with every example. As such, it is highly unlikely that learners entirely ignored 
this information. A related issue is that the present study cannot answer the question of whether the 
availability of information regarding the origin (i.e. the ‘model’) of text-based worked examples matters 
compared to not having such information available at all. That is, the examples used in this study do 
provide some – albeit limited – social cues compared to regular worked examples in which no infor-
mation about their creator is provided.

despite these limitations, our study adds to the current literature by showing that there is little to be 
gained from manipulating text-based worked examples to include information about a fictitious ‘model’ 
who supposedly created the example and matches characteristics of the learner. Had MOS played a 
role, then information about the origin of examples could have been adaptively changed in online 
learning environments to match student characteristics in order to optimise learning or self-efficacy. It 
is potentially useful to offer students a choice of ‘models’ even with text-based examples (cf. Ozogul et 
al., 2013), in the sense that male and female students found the models differentially attractive, and our 
findings suggest that when the content of the examples is kept the same, such a choice can be offered 
without negative effects on learning outcomes. next to investigating what ‘models’ students would 
chose when it is up to them and how that would affect learning and self-efficacy, another interesting 
direction for future research would be to systematically vary the availability of social cues. This could be 
done, for instance, by first presenting a video in which the designer introduces oneself before studying 
the examples vs. merely a textual and pictorial description, which would help determine whether effects 
of MOS would arise when social cues become stronger.
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Appendix 1

Example 1 (Maarten, 15,
4VWO)

R1 1k

R2 500 

V1 5V

AM1

AM2

AM3

SW1

A
M

4

1. Determine how this circuit should function using Ohm’s law, that is, determine 
what the current is that you should measure at AM1 to AM4
In parallel circuits, the total current (It) equals the sum of the currents in the parallel branches (I1, I2, etc.).

The total current should be: It = I1 + I2 + I3

This means you should measure:
AM1 = 5 mA AM2 = 10 mA AM3 = 50 mA AM4 = 65 mA

2. Suppose the ammeters indicate the following measurements:
AM1 = 5 mA AM2 = 7.14 mA AM3 = 50 mA AM4 = 62.14 mA

In this case, the calculation of what you should measure does not correspond to the actual measures, so something 
is wrong in this circuit.

3. What is the fault and in which component is it located?
If the current in a branch is lower than it should be, the resistance in that branch is higher (equal U divided by higher R results 
in lower I).

The current in the second branch is smaller than it should be: I2 = 7.14 mA instead of 10 mA. Thus, R2 has a higher 
resistance than the indicated 500Ω. The actual resistance of R2 can be calculated using the measured current:

or:I
t
=

U

R
1

+
U

R
2

+
U

R
3

=
5 V

1 k
Ω +

5 V

500 Ω
+

5 V

100 Ω
= 5 mA + 10 mA + 50 mA = 65 mA

R
2
=

U

I
2

=
5 V

7.14 mA
= 0.7 kΩ = 700 Ω
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