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a b s t r a c t

Learning from (video) modeling examples in which a model demonstrates how to perform a task is an
effective instructional strategy. The model-observer similarity (MOS) hypothesis postulates that
(perceived) similarity between learners and the model in terms of age or expertise moderates the
effectiveness of modeling examples. Findings have been mixed, however, possibly because manipula-
tions of MOS were often associated with differences in example content and manipulations of
(perceived) expertise confounded with age. Therefore, we investigated whether similarity with the
model in terms of age and putative expertise would affect cognitive and motivational aspects of learning
when the example content is kept equal across conditions. Adolescents (N ¼ 157) watched a short video
in which a peer or adult model was introduced as having low or high expertise, followed by two video
modeling examples in which the model demonstrated how to troubleshoot electrical circuit problems.
Results showed no effects of putative expertise. In contrast to the MOS hypothesis, adult models were
more effective and efficient to learn from than peer models.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Instructional videos are rapidly gaining popularity in education.
They form the backbone of massive open online courses (MOOCs)
and blended courses, and support students during self-study at
home or at school. Next to web lectures (e.g., Chen & Wu, 2015;
Korving, Hern�andez, & De Groot, 2016; Traphagan, Kucsera, &
Kishi, 2010) and short knowledge clips (e.g., Day, 2008), demon-
stration (i.e., “how-to”) videos (e.g., Ayres, Marcus, Chan, & Qian,
2009; Van der Meij & Van der Meij, 2013) make up an important
part of the instructional videos on offer. Such demonstration videos
are also known as video modeling examples. Research inspired by
Bandura's (1977, 1986) social learning theory has shown the
effectiveness of observational learning from human models, and
this dovetails nicely with findings from cognitive psychology and
instructional design research (e.g., Anderson, 1993; Sweller, Ayres,
& Kalyuga, 2011) that has shown the effectiveness of example-
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based learning (for reviews: Renkl, 2014; Sweller et al., 2011; Van
Gog & Rummel, 2010).1

Video modeling examples in which a model demonstrates and
explains how to solve a problem are effective for acquiring new
skills (e.g., Braaksma, Rijlaarsdam, & Van den Bergh, 2002; Schunk,
Hanson,& Cox,1987; Schwan& Riempp, 2004; Van Gog, Verveer,&
Verveer, 2014) and may enhance the confidence learners have in
their own capabilities to perform the modeled task (i.e., self-
efficacy and perceived competence; Bandura, 1997; Hoogerheide,
Loyens, & Van Gog, 2014, Hoogerheide, Loyens, & Van Gog, 2016;
Schunk & Hanson, 1985). Yet, when developing video modeling
examples, several design choices have to be made that may influ-
ence their effectiveness, the most salient of which is the choice of
model. The present study investigates whether similarity between
the learner and the model in terms of age and (putative) expertise
would affect self-efficacy and learning outcomes, as predicted by
the model-observer similarity hypothesis.
1 Note that examples can lose their effectiveness or may even hamper learning
when students have some prior knowledge of the problem (Kalyuga, Chandler,
Tuovinen, & Sweller, 2001; Kalyuga & Renkl, 2010).
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1.1. The model-observer similarity hypothesis

The model-observer similarity (MOS) hypothesis (Bandura,
1994; Schunk, 1987; see also the similarity-attraction hypothesis,
Montoya & Horton, 2013; Moreno & Flowerday, 2006; Reeves &
Nass, 1996) postulates that, because modeling enables social com-
parison (Berger, 1977; Johnson & Lammers, 2012), the effectiveness
of observational learning from (video) modeling examples depends
in part on how similar to the model learners perceive themselves to
be. Or in Bandura's (1994) words:

The impact of modeling on perceived self-efficacy is strongly
influenced by perceived similarity to themodels. The greater the
assumed similarity, the more persuasive are the models' suc-
cesses and failures. If people see the models as very different
from themselves their perceived self-efficacy is not much
influenced by the models' behavior and the results it produces.
(p.72)

Self-efficacy and the closely related construct of perceived
competence are important, as they have been linked to factors such
as academic motivation (Self-efficacy: Bandura, 1994; Schunk, 1991,
2001; Schwarzer, 1992; Perceived competence: Bong & Skaalvik,
2003; Harter, 1990) and learning outcomes (Self-efficacy:
Bandura, 1994; Schwarzer, 1992; Perceived competence: Bong &
Skaalvik, 2003; Harter, 1990; Ma & Kishor, 1997). Learners who
perceive themselves as more similar to the model may also feel
more attracted to the model and pay more attention to the model
(Berscheid & Walster, 1969), and a high degree of similarity can
help them form outcome expectations (Schunk, 1987). Similarity
factors may be particularly important for novice learners whose
self-efficacy and prior knowledge are still low, as they are especially
prone to engaging in social comparison (Buunk, Zurriaga,
Gonzalez-Roma, & Subirats, 2003). The present study focuses on
MOS in terms of age and putative expertise.

1.2. Model-observer similarity in age and expertise

With regard to the age of a model, the MOS-hypothesis predicts
that primary or secondary education students would benefit more
from a model that is perceived as similar in age, such as a peer
model, than dissimilar in age, such as an adult model. Findings have
been mixed however, with some studies showing stronger effects
of observing a peer model compared to an adult model (e.g.,
Davidson & Smith, 1982; Rodriguez Buritica, Eppinger, Schuck,
Heekeren, & Shu-Chen & Wu, 2015; Schunk & Hanson, 1985;
Zmyj, Aschersleben, Prinz, & Daum, 2012), some showing no dif-
ferences (Robert, 1983; Strauss, 1978), and others showing stronger
effects of an adult model (e.g., Hicks, 1965; Jakubczak & Walters,
1959). A possible explanation for these mixed findings may be
that peer models are especially beneficial for learners who have
encountered difficulties in learning or for learners of low ability
(Schunk, 1987). Schunk and Hanson (1985), for instance, examined
whether children who previously showed difficulties learning
fractions benefited more from a peer model, a teacher model, or no
model, and found that peer modeling was more conducive to both
self-efficacy and learning than teacher modeling, while both
models were more effective than no modeling. Another possible
explanation is that age only becomes a salient cue when coupled
with (perceived) expertise. That is, students may particularly
imitate peer models when they believe them to be high in exper-
tise, and age may become an informative cue especially for tasks in
which peers are generally (perceived as) less of an expert than
adults (Bandura, 1986; Schunk, 1987).

Research on the MOS-hypothesis in terms of expertise has used
different approaches. One line of research contrasted learning from
a mastery model (i.e., a model who displays faultless performance
from the start) to learning from a coping model (i.e., a model who
shows performance errors that he or she corrects later on), and this
has led to mixed results. For instance, in math, no differences in the
effectiveness of both model types were found for low ability stu-
dents who had had prior successful experiences with the task (e.g.,
Schunk & Hanson, 1985) or for average ability students (Schunk &
Hanson, 1989). However, for low ability students without prior
success with the task, coping models were more effective for
learning (Schunk et al., 1987).

Another line of research has compared the effects of learning
from a high expertise (e.g., expert) model to a lower expertise (e.g.,
advanced student) model, the latter being closer in knowledge and
skill to novice learners. Contrary to the model-observer similarity
hypothesis, older findings indicate that for primary school children,
a more expert model was more beneficial for a wide range of
measures such as learning communication skills or paired-
associates relative to a low expertise model (e.g., Simon, Ditrichs,
& Speckhart, 1975; Sonnenschein & Whitehurst, 1980). In line
with the MOS-hypothesis, however, Braaksma et al. (2002) showed
more recently that secondary education students who had weak
writing skills benefitted more from being instructed to focus on
weak models who explained and demonstrated how to write an
argumentative text (on video) than from focusing on strong
models, whereas the reversed effect was found for more competent
students. Studies in higher professional education, however,
showed no benefit of (advanced) peer models: written examples
created by experts fostered transfer (i.e., applying the acquired
knowledge to novel tasks) more than examples created by
advanced peer students, possibly because experts' explanations
contain a higher degree of abstraction (Boekhout, Van Gog, Van de
Wiel, Gerards-Last, & Geraets, 2010; Lachner & Nückles, 2015).

Clearly, findings regarding both age and expertise have been
mixed. There are two important things to note, however. First, in
many of those studies, there were actual differences in how the
models behaved across conditions or in other words, in the content
of the examples. This applies, for instance, to studies that con-
trasted learning from coping models and mastery models because
only coping models' behaviour contains expressions of uncertainty
and/or errors (e.g., Kitsantas, Zimmerman, & Cleary, 2000; Schunk
& Hanson, 1985; Zimmerman & Kitsantas, 2002), and to studies
that compared high and lower expertise models because their ex-
planations differ in quality (e.g., Lachner & Nückles, 2015; Simon
et al., 1975; Sonnenschein & Whitehurst, 1980). This makes it
hard to evaluate whether any differences in motivational or
learning outcomes were due to (perceived) similarity or to differ-
ences in content. Some evidence indicating that perceived simi-
larity may still influence cognitive, affective, or motivational
aspects of learning when all else is equal, comes from studies with
animated models (i.e., animated pedagogical agents) in which the
content was kept equal. For instance, Rosenberg-Kima, Baylor,
Plant, and Doerr (2008) found that self-efficacy was enhanced
more for students who learned about engineering from a ‘young
and cool’ agent than a ‘young and uncool’ and an ‘older and (un)
cool’ agent. Liew, Tan, and Jayothisa (2013) found that for female
university students, a peer-like agent was more enjoyable to learn
programming skills from than an expert-like agent, although the
expert-like agents were more credible and led to less anxiety
during learning, possibly because people aremore easily persuaded
by those whom they perceive as experts (Chaiken & Maheswaran,
1994; Debono & Harnish, 1988). Lastly, Kim, Baylor, and Reed
(2003) found that a mentor-like agent was as beneficial for
learning compared to an expert-like agent, but was considered
more motivating to interact with and learn from.
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Secondly, age and expertise manipulations were often
confounded. For example, Davidson and Smith (1982) investigated
the relationship between model expertise and children's self-
evaluation skills, and, instead of keeping model age constant
across conditions, children observed a peer of equal skill, an adult of
superior skill, or a child of inferior skill. Animated agent studies have
also confounded age and expertise manipulations. In the studies of
Kim et al. (2003) and Baylor and Kim (2004), for instance, the
expert-like agent looked much older than the mentor-like agent.
Some early video modeling example studies have tried to disen-
tangle the effects of age and expertise. For instance, Sonnenschein
and Whitehurst (1980) showed that observing high (‘informative’)
and low expertise (‘uninformative’) peer models and high expertise
adult models enhanced children's communicative skills more than
watching low expertise adult models. Children did, however, eval-
uate the low expertise adult as more knowledgeable than the low
expertise peer. Becker and Glidden (1979) found that expertise and
age interacted for low ability children. Children observed a low or
high expertise peer or adult model performing a motor task while
displaying certain social behaviors. The behavior of high expertise
models and peer models was imitated more than that of low
expertise models and adult models, presumably because the social
behavior of the peers was evaluated as more appropriate. Note
though, that in these studies, the example content again varied
across conditions, and it is therefore uncertainwhether these effects
were caused by differences in perceived similarity to the model.

In sum, it is unclear whether similarity to a model in terms of
age and (perceived) expertise would play a role in learning when
the content of the examples would be kept equal and whether age
and perceived expertise of the model contribute independently to
effects on motivation and learning outcomes or only in interaction.
Therefore, the present study examined whether, when the content
of the example is controlled for, the effectiveness of studying video
modeling examples for novice students' perceptions of their own
capabilities to perform the modelled task (i.e., perceived compe-
tence and self-efficacy) and learning outcomes (i.e., posttest per-
formance) depends onwhether the model is of similar or dissimilar
age and whether the model is introduced as having low or high
expertise.

1.3. The present study

We addressed the question of whether model-observer simi-
larity in age, putative expertise, or both would affect novice sec-
ondary education students' learning (i.e., adolescents of about 15
years of age who did not have prior knowledge of the task). They
studied two video modeling examples on how to solve a science
problem (troubleshooting electrical circuits). The models were
either peers (17 years old) or adults (42 years old) who were
introduced prior to example study as being enrolled in a tutor-
training (peers) or teacher-training (adults) program and as hav-
ing low expertise or high expertise in science. We kept all else
equal, both with respect to model characteristics (i.e., all models
were Caucasian females from the same region of the country,
wearing a black t-shirt and blue jeans) and the content of the videos
(i.e., all models narrated the exact same text, spent an equal amount
of time on the parts of the video and the video as awhole, and were
trained to show the same movements and gestures). Moreover, to
ensure that any effects of condition were not associated with one
particular model, the two adult and the two peer models featured
in both the high and low expertise conditions (i.e., half of the
participants in the low expertise adult condition saw “adult model
1” the other half “adult model 2”).

The primary research question was whether students would
perform better on the posttest and show greater self-efficacy and
perceived competence when they were more similar to the model
in age, expertise, or both. Given that students are novices with
regard to the modeled task, the MOS-hypothesis (Schunk, 1987)
would predict that students' self-efficacy, perceived competence,
and learning outcomes would benefit most from studying a peer
model with low putative expertise. Because of the fact that prior
research has produced mixed findings, often confounding age and
expertise or expertise and example content, however, we are hes-
itant to adopt the MOS-hypothesis for the present study and rather
approach this as an open question. We also measured mental effort
invested during example study and the posttest to obtain more
information on the cognitive efficiency of the instructional condi-
tions (Van Gog & Paas, 2008). Effects on learning enjoyment were
also explored because previous studies have shown influences on
affect (e.g., Kim et al., 2003; Liew et al., 2013) and enjoyment may
be an important cue for whether students would use examples
during self-study (Yi & Hwang, 2003). Lastly, students evaluated
the quality of the model's explanation.

2. Method

2.1. Participants and design

Participants were 157 Dutch secondary education students (82
male; Mage ¼ 14.99 years, SD ¼ 0.64) in their third or fourth year of
pre-university education. The experiment used a 2� 2 design, with
Model Age (Peer vs. Adult) and Model Expertise (Low vs. High) as
between-subject factors. Students were quasi-randomly (i.e.,
matched for gender) allocated to the Low Expertise Peer (n¼ 39, 21
males), High Expertise Peer (n¼ 40, 21 males), Low Expertise Adult
(n¼ 38, 21males), or High Expertise Adult (n¼ 40, 21males) Model
conditions. There were two adult and two peer models, featuring in
both the High and LowExpertise conditions.Within each condition,
half of the students received one model, the other half the other
model (e.g., half of the participants in the Low Expertise Adult
Model condition saw “adult model 1” the other half “adult model
2”). At the time of the experiment, students had taken basic science
classes but were novices with regard to the modelled task (trou-
bleshooting electrical circuits) as this had not yet been covered in
their curriculum according to the teachers.

2.2. Materials

The materials for this study were based on the pen-and-paper
materials on troubleshooting parallel electrical circuits from prior
studies on example-based learning (e.g., Hoogerheide, Loyens, Jadi,
Vrins, & Van Gog, 2015; Van Gog & Kester, 2012; Van Gog, Kester,
Dirkx, et al., 2015; Van Gog, Kester, & Paas, 2011), but were pre-
sented online in the web-based Qualtrics platform (http://www.
qualtrics.com).

2.2.1. Conceptual prior knowledge test
The prior knowledge test consisted of seven conceptual open-

ended questions on troubleshooting and parallel circuits princi-
ples. This test was used as a check that students indeed had little if
any prior knowledge of the principles required for troubleshooting
parallel electrical circuits (e.g., relations between voltage, current,
and resistance in parallel circuits) and to rule out differences among
conditions in prior knowledge.

2.2.2. Introductory text
A short introductory text explained what the abbreviations and

components in a circuit drawing stand for and described Ohm's law
and the three different forms of the formula (i.e., R ¼ U/I; I ¼ U/R;
U ¼ I*R).

http://www.qualtrics.com
http://www.qualtrics.com
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2.2.3. Video modeling examples
Two video modeling examples were created by all four models

(i.e., the two Peer and the two Adult Models) under both High and
Low Expertise conditions. In the first example (240 s), the fault was
that the measured current in one of the parallel branches was
higher than one would expect, meaning that the resistance in that
branch was lower; in the second example (244 s), the current was
lower, meaning that resistance was higher. Each example showed
the model standing to the right of a large screen displaying Pow-
erPoint slides (see Fig. 1). Each example began with a circuit
drawing containing three parallel branches that was presented on
the screen; the circuit indicated how much resistance each resistor
provided as well as how much voltage the power source delivered.
The model explained based on this circuit drawing that the infor-
mation on voltage and resistance presented in the drawing can be
used to calculate what current should be measured in all three
parallel branches and overall if the circuit were functioning
correctly. The model then provided a step-by-step demonstration
of how to calculate the current in each branch as well as the total
current (sum of the currents in the branches) using Ohm's law; this
explanation was supported by a slide that showed the same circuit
drawing (only smaller), Ohm's law, and the worked-out problem-
solving steps. The next slide presented measured current at each
ammeter below the currents that should be measured if the circuit
were functioning correctly and the model pointed out the
discrepancy in one of the branches (i.e., either higher in example 1
or lower in example 2) and explained that this meant the resistance
was lower (example 1) or higher (example 2) than indicated in the
drawing and demonstrated how to calculate the actual resistance,
supported by a slide displaying the measured currents, Ohm's law,
and the calculation.

An autocue was placed next to the camera to ensure that all
models provided the same explanation and spent the same amount
of time on all parts of both videos and therefore on the videos as a
Fig. 1. Peer models (top row) and
whole. The models were instructed to gesture to elements in the
PowerPoint slides to support their verbal explanation and had the
opportunity to practice the entire process several times before the
definitive recordings were created. All four models were Caucasian
females and wore a black t-shirt and blue jeans.

2.2.4. Age manipulation
Two adolescents (real ages 16 and 17) served as a peer model

(introduced as being 17 years old) in both Peer Model conditions,
and two adults (real ages 42 and 43) as an adult model (introduced
as being 42 years old) in both Adult Model conditions.

2.2.5. Expertise manipulation
A short video was created in which the models introduced

themselves, to be presented prior to the examples. Each model
created an introduction for both the Low and High Expertise con-
dition (both 40 s). This video showed the model standing next to
the screen (i.e., the setup of the video modeling examples), but the
screen was empty. The introduction of the peer models started as
follows: ‘My name is Natasja/Denise. I am 17 years old and I am
enrolled in a homework tutor-training program. For a coursewithin
that program, I was instructed to create instructional videos that
can be used for homework purposes.’ The introduction of the adult
models started with: ‘My name is Natasja/Denise. I am 42 years old
and I am enrolled in a lateral-entry teacher-training program. For a
course within that program, I was instructed to create instructional
videos that can be used for homework purposes.’ All introduction
videos then continued: ‘Therefore, youwill be shown two examples
that demonstrate how to detect and solve a problem in an electrical
circuit. Afterwards, you will be asked to solve similar problems
yourself to see how much you have learned from my explanation.’
Next, the low vs. high expertise manipulation followed, with the
Low Expertise introduction stating ‘I hope that I can explain this
clearly, as I am not so proficient in physics and I am not taking
adult models (bottom row).
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[peer]/did not take [adult] physics as a final examination subject in
secondary education.2 But I will do my best’ while the High
Expertise introduction was ‘I expect that I can explain this clearly,
as I am very proficient in physics and I am taking [peer]/did take
[adult] physics as a final examination subject in secondary educa-
tion. So I will do my best’.

2.2.6. Posttest
The posttest presented two troubleshooting problems. The first

one was isomorphic to the problems used in the video modeling
examples (i.e., one fault), but the second problem was slightly
different in the sense that it contained both faults that had been
encountered in the training. Both problems reminded students
that: ‘The current (U) is expressed in volt (V), resistance (R) is
expressed in Ohm (U), and power (I) is expressed in amperes (A).’

2.2.7. Mental effort
After each video modeling example and each posttest task,

invested mental effort was measured using the rating scale devel-
oped by Paas (1992), which ranges from (1) very, very low effort to
(9) very, very high effort.

2.2.8. Self-efficacy and perceived competence
Self-efficacy was measured by asking students how confident

they were that they had mastered the skill of detecting and solving
electrical circuit problems (cf. Bandura, 2006), on a scale of 1 (not at
all confident) to 9 (very, very confident). Perceived competencewas
measured using an adapted version of the Perceived Competence
Scale for Learning of Williams and Deci (1996). Participants were
asked to rate on a scale of (1) not at all true to (7) very true to what
degree the following items apply to them: ‘I feel able to meet the
challenge of performing well in detecting and solving electrical
circuit problems’, ‘I feel confident in my ability to detect and solve
electrical circuit problems’, and ‘I am capable of detecting and
solving electrical circuit problems’. That is, the adaptation consisted
of rephrasing the questions to focus on detecting and solving
electrical circuit problems and of removing the item ‘I am able to
achieve my goals in this course’ because it did not apply to our
study context.

2.2.9. Learning enjoyment
Participants were asked to give a ‘school-grade’ on a scale of

0 (lowest) to 10 (highest) for how enjoyable studying the video
modeling examples was for them (cf. Hoogerheide et al., 2014).

2.2.10. Explanation quality
Participants were asked to rate the quality of explanations

provided in the videomodeling examples on a scale of (1) very, very
bad quality to (9) very, very good quality.

2.3. Procedure

Prior to the experiment, participants were quasi-randomly (i.e.,
matched for gender) allocated to one of four conditions and, within
each condition, to one of the two peer or adult models, based on a
name list. This was done to ensure that all conditions and models
contained an approximately equal number of students and ratio of
male to female students. The experiment was run in 8 sessions of
ca. 50 min. duration in a computer lab at participants' schools.
Participants were told to sit at the computer that was marked with
2 In the Netherlands, after some general years with a common curriculum, sec-
ondary education students can chose ‘profiles’ of subjects in which they will take
the final examination, and not all of those include physics.
their name on a sheet of A4 paper; that sheet also contained the
link to the Qualtrics questionnaire of their assigned condition. The
experimenter first gave a brief plenary general introduction and
instructed students how to access the Qualtrics questionnaire. This
questionnaire presented 4 ‘blocks’ of questions. Block 1 contained
demographic questions and the conceptual prior knowledge test
followed by self-efficacy and perceived competence ratings. Stu-
dents were given 6 min to complete this block. Next, students were
instructed to study the introductory text for 2 min in block 2, and
the experimenter emphasized that students needed to study this
information carefully to be able to comprehend the demonstration
videos later on. Block 3 first presented the expertise manipulation
video in which the model introduced herself, followed by the two
video modeling examples (the videos were embedded in Qualtrics
via YouTube). After each example, participants were asked to rate
how much effort they invested in studying the example. At the end
of block 3, participants rated their learning enjoyment, the
perceived quality of the explanations provided in the examples, and
their self-efficacy and perceived competence. Block 4 presented the
posttest for which participants received 12 min; after each test
problem participants were asked to rate how much effort they
invested in solving it.

2.4. Data analysis

Averages were computed for effort invested during example
study, effort invested in the posttest, perceived competence after
the prior knowledge test, and perceived competence prior to the
posttest. Test performance was scored based on straightforward
coding schemes that had been developed and used in prior research
(e.g., Hoogerheide et al., 2015; Van Gog et al., 2011; Van Gog et al.,
2015; Van Gog & Kester, 2012). Ten points could be earned for the
prior knowledge test (and partial credit was given for partially
correct answers). The maximum score to be earned for the posttest
was eight points. For the first task that contained only one fault, one
point could be earned for calculating the correct value of all am-
meters, one for indicating which resistor was faulty, and one for
indicating what the faulty resistor's actual value was. For the sec-
ond task that contained two faults, an extra point was granted for
correctly indicating the second faulty resistor and for correctly
calculating its resistance. Incomplete or partially correct answers
were given half a point. Two raters scored 10% of the pretests and
posttests, and Cohen's k was run to determine if there was agree-
ment between them (on item level). There were high levels of
agreement between the two raters on the pretest scores, k ¼ .909,
p< .001, and on the posttest scores, k¼ .922, p< .001. Therefore, the
remainder of the tests was scored by a single rater.

One student in the High Expertise Adult Model condition was
removed from all the analyses due to non-compliance with the
instructions, leaving 156 participants. One participant from the Low
Expertise Adult Model condition had to leave early and was
therefore excluded from the posttest and invested mental effort in
the posttest analyses. Three participants had one missing value on
invested mental effort in the posttest, which were replaced by the
series mean.

3. Results

Two types of preliminary analyses were conducted. First, it was
investigated whether there was a difference between the two peer
models and the two adult models by means of independent sam-
ples t-tests on all outcome variables. Because there were no sig-
nificant differences, we proceeded analysing the data at condition
level. Second, we checked whether participants' prior knowledge
was indeed low (which it was, as can be seen in Table 1) and did not



Table 1
Mean (SD) of test performance, invested mental effort, self-efficacy, perceived competence, explanation quality, and learning enjoyment per condition.

Peer Model Adult Model

Low putative expertise High putative expertise Low putative expertise High putative expertise

Performance Pretest (range 0e10) 1.59 (1.16) 1.61 (1.38) 1.79 (1.11) 1.49 (0.98)
Performance Posttest (range 0-8) 2.90 (2.17) 3.50 (2.49) 3.97 (2.47) 4.29 (2.43)
Mental Effort Study Phase (range: 1e9) 3.96 (2.09) 4.10 (1.53) 3.55 (1.72) 3.31 (1.40)
Mental Effort Posttest (range 1e9) 4.81 (2.01) 4.24 (1.72) 4.41 (1.97) 4.32 (1.51)
Self-efficacy Pretest (range 1e9) 3.18 (1.73) 3.58 (1.68) 3.68 (1.65) 3.85 (2.05)
Self-efficacy Posttest (range 1e9) 5.10 (1.93) 5.63 (1.17) 5.55 (1.39) 5.92 (1.36)
Perceived Competence Pretest (range 1e7) 2.56 (1.30) 3.03 (1.08) 3.18 (1.16) 2.97 (1.39)
Perceived Competence Posttest (range 1e7) 4.08 (1.47) 4.48 (0.99) 4.24 (1.34) 4.51 (1.32)
Explanation Quality (range 1e9) 5.62 (1.60) 6.20 (1.29) 6.34 (1.17) 6.59 (1.14)
Learning Enjoyment (range 0e10) 4.00 (2.24) 4.08 (2.31) 4.45 (2.33) 4.56 (2.28)
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differ among conditions. Indeed, a 2 � 2 ANOVA on the prior
knowledge test scores with Model Age (Peer, Adult) and Model
Expertise (Low, High) as between-subject factors revealed no main
or interaction effects (all Fs < 1).

Test performance, invested mental effort, learning enjoyment,
and explanation quality results were analysed using 2 � 2 ANOVAs,
with Model Age (Peer, Adult) and Model Expertise (Low, High) as
between-subject factors. The self-efficacy and perceived compe-
tence results were analysed using repeatedmeasures ANOVAs with
Test Moment (Before and After Example Study) as within-subjects
factor andModel Age (Peer, Adult) andModel Expertise (Low, High)
as between-subjects factors. Mean (and SD) scores on all variables
are shown in Table 1.

3.1. Posttest performance

There was a main effect of Model Age on posttest performance,
F(1,151)¼ 5.92, p¼ .016, hp

2 ¼ .038, indicating that participants who
had observed an adult model (M ¼ 4.14, SD ¼ 2.44) outperformed
those who had observed a peer model (M ¼ 3.20, SD ¼ 2.34). There
was no main effect of Model Expertise, F(1,151) ¼ 1.45, p ¼ .231,
hp
2 ¼ .009, nor an interaction effect, F < 1.3

3.2. Mental effort

We found a main effect of Model Age on mental effort invested
during example study, F(1,152) ¼ 4.84, p ¼ .029, hp

2 ¼ .031, indi-
cating that participants who observed an adult model (M ¼ 3.43,
SD ¼ 1.56) invested less effort than those who observed a peer
model (M ¼ 4.03, SD ¼ 1.82). There was no main effect of Model
Expertise, nor an interaction effect, both Fs < 1. With regard to
mental effort invested in completing the posttest tasks, there were
no significant main or interaction effects (Model Age: F < 1; Model
Expertise: F(1,151) ¼ 1.27, p ¼ .263, hp

2 ¼ .008; interaction: F < 1).

3.3. Self-efficacy and perceived competence

The analysis of self-efficacy showed a main effect of Test
Moment, F(1,152) ¼ 233.53, p < .001, hp

2 ¼ .606, indicating that self-
efficacy improved from before (M ¼ 3.57, SD ¼ 1.78) to after
example study (M¼ 5.55, SD¼ 1.50). Other than that, therewere no
significant main effects (Model Age: F(1,152) ¼ 2.77, p ¼ .098,
3 Upon a reviewer's request we explored whether there were differences among
conditions in the degree to which participants correctly solved each problem as a
whole. Chi-square tests showed that the number of students who managed to
correctly solve the problem in its entirety (i.e., max score) did not differ among
conditions (problem 1: X2(1, N ¼ 156) ¼ 0.01, p ¼ .92; problem 2: X2(1,
N ¼ 156) ¼ 1.71, p ¼ .19).
hp
2 ¼ .018; Model Expertise: F(1,152) ¼ 2.51, p ¼ .115, hp

2 ¼ .016) or
interaction effects (all Fs < 1).

A similar pattern was found for students' perceptions of their
own competence. There was a main effect of Test Moment,
F(1,152) ¼ 244.36, p < .001, hp

2 ¼ .617, indicating that perceived
competence improved from before (M ¼ 2.94, SD ¼ 1.25) to after
example study (M ¼ 4.33, SD ¼ 1.29). Other than that, there were
neither main effects (Model Age: F(1,152) ¼ 1.06, p ¼ .304,
hp
2 ¼ .007; Model Expertise: F(1,152)¼ 1.74, p¼ .189, hp

2 ¼ .011), nor
interaction effects (Test Moment * Model Expertise, F(1,152) ¼ 1.30,
p ¼ .257, hp

2 ¼ .008; Test Moment * Model Age, F(1,152) ¼ 1.09,
p ¼ .299, hp

2 ¼ .007; Model Expertise * Model Age, F(1,152) ¼ 1.24,
p ¼ .267, hp

2 ¼ .008; Test Moment * Model Expertise * Model Age,
F(1,152) ¼ 2.37, p ¼ .126, hp

2 ¼ .015).

3.4. Learning enjoyment

There were no significant effects on learning enjoyment (Model
Age: F(1,152) ¼ 1.63, p ¼ .204, hp

2 ¼ .011; Model Expertise: F < 1;
interaction: F < 1).

3.5. Explanation quality

Despite the fact that the models provided the exact same ex-
planations, there was a main effect of Model Age on students' rat-
ings of the quality of explanations provided in the examples,
F(1,152) ¼ 7.06, p ¼ .009, hp

2 ¼ .044, indicating that students who
had observed an adult model rated the explanations as being of
higher quality (M ¼ 6.47, SD ¼ 1.15) than students who had
observed a peer model (M ¼ 5.91, SD ¼ 1.47). Moreover, there was
also a main effect of Model Expertise, F(1,152) ¼ 3.92, p ¼ .049,
hp
2 ¼ .025, showing that students who observed low expertise

models rated the explanations as being of lower quality (M ¼ 5.97,
SD ¼ 1.44) than the explanations of high expertise models
(M ¼ 6.39, SD ¼ 1.22). There was no interaction effect, F < 1.4

4. Discussion

This experiment examined whether similarity to a model in
terms of age and (putative) expertise would affect secondary edu-
cation students' learning from video modeling examples. Because
prior research on the model-observer similarity (MOS) hypothesis
4 Upon a reviewer's request we re-ran all analyses with students' gender and
pretest scores as covariates. The ANCOVA led to the same outcomes as the ANOVA
with regard to all dependent variables. Pretest scores were a significant predictor of
posttest scores, effort invested during example study and the posttest, and self-
efficacy and perceived competence (as one might expect); gender was not a sig-
nificant predictor of any of the dependent variables.
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led to mixed findings, and many studies confounded expertise
manipulations with example content and age, we took care to keep
the example content equal across conditions and to disentangle the
age and perceived expertise factors. Moreover, we used twomodels
in each condition to rule out that effects would be caused by inci-
dental model characteristics.

Given that students were adolescents and novices with regard
to the modeled task, the MOS-hypothesis (Schunk, 1987) would
predict that students' self-efficacy, perceived competence, and
learning outcomes would benefit most from studying a peer model
with low (putative) expertise. Our results do not support this hy-
pothesis. On the contrary, with regard to model age, we found the
opposite of what the MOS-hypothesis would predict: learners who
studied adult models invested less effort and attained better
learning outcomes than those who studied peer models. Thus, an
adult model was more effective to learn from and more efficient in
the sense that higher test performance was achieved with less
effort investment in example study (see Van Gog& Paas, 2008, for a
discussion of efficiency in terms of the relation between mental
effort and performance). Students also rated the adult models'
explanations as being of higher quality. Note that these findings are
quite remarkable, given that the content of the examples was
exactly the same. They cannot be explained through increased self-
efficacy or perceived competence, however, as all students' ratings
increased after example study, but did not differ among conditions.

A possible explanation for the finding that adult models were
more effective might lie in perceived age-appropriateness of the
modeled task. It has been proposed (Bandura, 1986; Schunk, 1987;
Zmyj & Seehagen, 2013) that adult models may be more beneficial
than peer models for behaviours that are viewed as more appro-
priate for adults and in which adults are considered to be more of
an expert. The tasks demonstrated by the model were in the
domain of physics, and research has shown that students typically
struggle with learning physics skills and often continue to experi-
ence difficulties after extensive instruction (Duit & Von Rh€oneck,
1998; Fredette & Lockhead, 1980; McDermott & Shaffer, 1992;
Shipstone, 1984). As such, they might have attributed more
expertise to the adult models, which would explain why students
who had observed adult models found the model's explanations to
be of higher quality than those who observed peer models, even
though eagaine the peer and adult models provided the exact
same explanations. This would also explain why we did not find
effects on self-efficacy; while MOS-effects predominantly occur via
enhanced self-efficacy, task-appropriateness effects may not
(Schunk, 1987).

But how might task-appropriateness explain better learning
outcomes? Although this is a question for future research to
address definitively, the answer might lie in students' attention
allocation during example study. Bandura (1977, 1986) postulated
that paying attention to a model is an important prerequisite for
being able to emulate the modeled behavior later on, and that, in
addition to MOS, model characteristics can affect how much
attention is paid to a model. Peer models might lead to focusing
more on task-irrelevant aspects of the video such as the model's
appearance rather than aspects of the video that contribute to
building a cognitive schema as a result of increased interest in and
attraction to the model due to higher levels of perceived similarity
(Berscheid &Walster, 1969). Moreno and Flowerday (2006) made a
similar argument in the animated pedagogical agent literature to
explain why a similar-ethnicity agent hampered learning; they
suggested that students may have focusedmore on how the agent's
appearance and behaviour represented them.

Next to peer models having ‘negative’ effects on attention,
adults might have beneficial effects: students may find it easier and
more natural to pay attention to adult models. Adolescents are used
to learning from adults and to adults being more knowledgeable
and therefore giving higher quality explanations when it comes to
complex subjects such as physics, and the idea that this may
enhance students' attention to what the model is saying resonates
with findings from research on group interaction. It is well-
established that group members are more influenced by those
perceived as more knowledgeable (Bottger, 1984; Littlepage,
Schmidt, Whisler, & Frost, 1995; Ridgeway, 1987), and individuals
who observe group interactions on video have been shown to pay
more visual attention to group members perceived as more
knowledgeable (Cheng, Tracy, Kingstone, Foulsham, & Henrich,
2013). Although these findings cannot be directly translated to
learning from modeling examples, as in group settings, there are
always multiple individuals that an observer or groupmember may
pay attention to, these findings do suggest that attention processes
are the key to the effect of adult models in our study. The hy-
pothesis that students attribute more expertise to adult models and
therefore pay more attention to them during example study also
resonates well with the communication maxim's of Grice (1975), in
which it is stated that it is a social rule in conversations to paymore
attention to those expected to be more knowledgeable. Higher
attention levels may prevent students' minds from wandering;
especially for complex tasks, learners often have difficulties build-
ing an accurate cognitive schema of the task at hand because their
mind wanders easily (Smallwood, Fishman, & Schooler, 2007;
Smallwood & Schooler, 2015; Szpunar, Moulton, & Schacter,
2013). Of course, these attention explanations are tentative in na-
ture and need to be examined in future research.

The model expertise manipulation, consisting of a brief intro-
ductory video in which the model stated she is (or is not) very
proficient in physics and is (not) taking/has (not) taken physics
classes, seems to have been effective in the sense that students
evaluated the explanations provided by the low expertise models
as being of lower quality (even though they were exactly the same
as in the high expertise conditions). However, this manipulation
did not result in differences in self-efficacy, perceived competence,
mental effort, enjoyment, or posttest performance. It is possible
that this manipulation was too subtle to affect attention processes;
in contrast to age-related cues that are automatically processed
upon seeing another person and were continuously available dur-
ing example study, cues regarding expertise were not. Another
possibility is that the expertise manipulation did not result in
students perceiving the low expertise models as more similar to
themselves than the high expertise models, but instead regarded
them as lower in competence (i.e., having no credibility at all, due to
the model's uncertainty about her own ability to explain the task),
which could have affected students' willingness to listen to the
explanation. Although they indeed rated the quality of the expla-
nation as lower than students in the high expertise condition, there
were no significant effects of model expertise on learning outcome.
As such, it seems unlikely that the explanations provided by the low
expertise models were discarded by students.

Note that we took care to use two different models in each
condition, to decrease the likelihood that effects of model age or
putative expertise would result from specific characteristics of the
particular model in a condition. Nevertheless, we cannot defini-
tively rule out that model characteristics could have affected our
results. Because there were no significant differences between both
peer models and between both adult models on any of the outcome
measures, however, it seems unlikely that specific model charac-
teristics would have a strong influence on the findings. Another
limitation of this study is that we only used one type of learning
task, so future research should investigate whether these results
hold with different types of tasks and tasks from other domains.
Moreover, we only asked students to rate the quality of the model's
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explanations, but not the model's expertise, the perceived simi-
larity to themodel, or the appropriateness of the task for themodel.
Such informationwould have been helpful in determining whether
students actually viewed the low perceived expertise models as
similar, and whether the effect of model age would indeed be due
to attributions of task appropriateness or expertise. An interesting
avenue for future research would be to compare the effects of
learning from video modeling examples with peer models to adult
models for students learning a task that they view as more
appropriate for their own age. If students' views of the age appro-
priateness of troubleshooting electrical circuit problems indeed
caused adults to be more effective models than peers, then peers
can be expected to be more effective models than adults in this
case. Considering that views of task-appropriateness and expertise
may be different for students of different ages, it would be inter-
esting to investigate whether these findings generalize to different
age groups. Moreover, it would be interesting to investigate
whether these findings extend to other kinds of instructional video,
such as short knowledge clips (e.g., Day, 2008) or web lectures (e.g.,
Korving et al., 2016 Traphagan et al., 2010).

Despite these limitations, our findings are of interest for
educational practice. With video modeling examples being
increasingly used in online learning environments because they
have become easier to create, instructional designers and educa-
tional practitioners may want to design and use video modeling
examples with an adult model rather than a peer model when the
skill to be learned is viewed as more appropriate for adults because
they are perceived as more of an expert.
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