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Arizona State University
A promising instructional approach corresponds to learning by observing others learn (i.e., by watching
tutorial dialogue between a tutor and tutee). However, more work is needed to understand this approach’s
pedagogical utility. Thus, in 2 experiments we compared student learning from collaborative observation
of dialogue with 2 other instructional contexts: 1-on-1 human tutoring and collaborative observation of
monologue. In Study 1 (N ⫽ 50), there was no significant difference in learning outcomes between the
dialogue and tutoring conditions, while the dialogue condition was superior to the monologue condition.
Study 2 (N ⫽ 40), which involved a younger population than in Study 1, did not replicate these results,
in that students learned less from observing dialogue than from being tutored, and there was no
significant difference between the dialogue and monologue conditions. To shed light on our results, we
analyzed the verbal data collected during the 2 experiments. This analysis showed that in Study 1, the
dialogue observers generated more substantive contributions than did the monologue observers. In
contrast, in Study 2 there was no significant difference between the observers in terms of substantive
contributions; moreover, the total number of contributions was modest, which may have hindered
observer learning in that study. In general, our findings suggest that collaboratively observing tutorial
dialogue is a promising learning paradigm, but more work is needed to understand how to support young
students to effectively learn in this paradigm.
Keywords: collaborative observation, human tutoring, emergent topics

1984; P. A. Cohen, Kulik, & Kulik, 1982; Graesser, Person, &
Magliano, 1995; Lepper, Woolverton, Mumme, & Gurtner, 1993;
Merrill, Reiser, Merrill, & Landes, 1995). For instance, a recent
metareview showed that compared to nontutoring contexts like
standard classroom instruction, the effect size of one-on-one human tutoring was high at d ⫽ 0.79 (VanLehn, 2011). However,
providing a tutor for every student is not feasible, and so there have
been various efforts to identify other more scalable contexts that
afford students the benefits of individualized instruction. One area
of research focuses on developing intelligent tutoring systems
(ITSs), which are computer-based applications that aim to provide
personalized instruction by adapting to a given student’s needs.
While there is evidence that ITSs can benefit student learning
(Arroyo, Beal, Murray, Walles, & Woolf, 2004; Koedinger, Anderson, Hadley, & Mark, 1995; VanLehn et al., 2005), and in some
cases even match human tutors’ effectiveness (VanLehn, 2011),
these systems suffer from two key limitations. First, they require
substantial development time— estimates range from 100 to 1000
hr of development per hour of instruction (Anderson, 1993; Murray, 1999). Second, the majority of ITSs target procedural domains
and skills (VanLehn et al., 2005; Wang & Heffernan, 2011), and so
less support is available for open-ended conceptual domains and
domain-independent skills like collaboration or self-explanation
(with notable exceptions; e.g., Aleven, McLaren, Roll, & Koedinger, 2006; Muldner & Conati, 2010; Walker, Rummel, & Koedinger, 2011).
To address the limitations of ITSs but simultaneously take
advantage of the benefits of tutoring, Chi, Roy, and Hausmann
(2008) proposed an alternative instructional context, which they
referred to as learning from observing others learn. As the name
suggests, this context corresponds to situations where students
acquire complex cognitive skills by observing (and overhearing)

Student learning can take place in a variety of instructional
contexts, including studying alone, one-on-one tutoring, and collaborative group activities with the aid of course textbooks, to
name a few. A less conventional but highly promising instructional
approach corresponds to learning by observing others learn (i.e.,
by watching tutorial dialogue between a tutor and tutee). However,
more work is needed to understand this approach’s pedagogical
utility and, in particular, how it compares to other instructional
contexts. Through two experiments, we take steps to fill this gap
by comparing student learning from collaborative observation of
tutorial dialogue to two other forms of instruction, namely, oneon-one human tutoring and collaborative observation of tutorial
monologue.

Learning From Tutoring and From Observing
Many studies have demonstrated that one-on-one human tutoring is an effective strategy for fostering student learning (Bloom,
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others learn, such as learning to solve physics problems by observing a video of a tutor helping a student solve such problems at
a whiteboard. Thus, the learning from observing others learn
paradigm differs from traditional work that has focused on how
individuals learn overt behaviors, also referred to as vicarious
learning (e.g., children learning to act aggressively by watching
aggressive behaviors; Bandura, Ross, & Ross, 1961). Given that
learning from observing others learn involves a dialogue between
a tutee and a tutor as they go over instructional materials, here we
refer to this paradigm as observing dialogue.
The observing dialogue paradigm can be implemented by creating instructional videos that are easily disseminated and shared,
making this approach relatively low cost and scalable. However,
prior to the Chi et al. (2008) study, earlier work suggested that
tutoring (or interactions resembling it) generated superior performance compared to observing. For instance, Schober and Clark
(1989) had participants serve in a tutee role to solve Tangram
puzzles with the direct guidance of an experimenter (acting in a
tutor role). Other participants (referred to as observers) solved the
same puzzles alone while overhearing the interactions of the tutee
and tutor but not directly participating in their dialogue. The results
showed that the tutees’ performance was superior to the observers’
performance. Craig, Driscoll, and Gholson (2004, Experiment 1)
also found that students who merely watched dialogue videos
about computer literacy topics learned less than students who
interacted with a computer tutor.
In both the Schober and Clark (1989) study and the Craig et al.
(2004, Experiment 1) study, the tutees could interact directly with
a tutor, while the observers could only passively watch these
interactions. Thus, the tutees had an advantage, given that the
benefits of interaction are demonstrated by various studies (e.g.,
E. G. Cohen, 1994; Johnson & Johnson, 2009) and conceptual
frameworks (Chi, 2009). For instance, the interactive-constructiveactive-passive (ICAP) framework (Chi, 2009), which differentiates
learning activities according to overt student behaviors, makes the
prediction that a student who interacts constructively with another
individual will, in general, learn better than a student working
alone. This prediction is based on the fact that interaction offers
students the opportunity to explain their perspective, elicit responses from a partner, and integrate a partner’s contributions, to
name a few. Given these various benefits of interaction, it is
therefore not surprising that in the aforementioned studies the
tutees performed better than the observers, but it is not clear
whether this was due to the presence of a tutor or because the
observers were passive rather than constructively interactive.
To address this issue, in their work comparing learning from
being tutored and from observing others learn, Chi et al. (2008)
had some of the observers work in pairs, thus providing them with
interaction opportunities. The conjecture was made that if observers have a partner to work with and a tutorial dialogue video to
observe, their learning would be substantially improved. To test
this conjecture, some students (the tutees) were videotaped solving
procedural physics problems while interacting with an expert tutor.
Other students, working either in pairs or alone, either watched the
videos of these tutorial dialogue sessions while solving the same
physics problems as the tutees or used a textbook while solving the
problems. Although all conditions showed gains from pretest to
posttest, no significant difference was found between the collaborative observers watching the tutorial dialogue videos and the

tutees in the videos. In contrast, students who observed alone and
dyads who used the textbook learned significantly less than the
tutees. This suggests that if observers interact with a peer, then
dialogue videos are effective instructional materials.
Other work has focused on comparing outcomes from observation of a tutorial dialogue versus a tutorial monologue, the latter
showing a tutor going over the instructional materials alone without a tutee, much as a teacher would in a classroom lecture (Cox,
McKendree, Tobin, Lee, & Mayes, 1999; Craig, Chi, & VanLehn,
2009; Craig, Gholson, Ventura, & Graesser, 2000; Craig, Sullins,
Witherspoon, & Gholson, 2006; Driscoll, Craig, Gholson, Hu, &
Graesser, 2003; Fox Tree, 1999; Fox Tree & Mayer, 2008; Muller,
Bewes, Sharma, & Reimann, 2008; Muller, Sharma, Eklund, &
Reimann, 2007; Schunk & Hanson, 1985). The majority of these
studies show that students learn more from observing dialogue
than monologue. Various reasons have been proposed for the
benefits of dialogue observation (for a review, see Chi, 2013), such
as that compared to a monologue, a dialogue encourages collaborative observers to be more engaged (Craig et al., 2009), as well
as that dialogue includes beneficial features like (1) misconceptions generated by a tutee and refuted by a tutor (Muller et al.,
2007; Schunk & Hanson, 1985; Schunk, Hanson, & Cox, 1987)
and (2) “deep” questions, ones that require more than a one word
answer, posed by the tutor (Craig et al., 2006, Experiment 1;
Driscoll et al., 2003).
Given that the only study to compare learning from observing
dialogue and human tutoring did not find a significant difference
(Chi et al., 2008) and that other studies show observing dialogue to
be more effective than observing monologue, this suggests that
there is something unique about dialogue and requires replication
of both conditions in a single study, as we do here.

Present Studies
We report on two studies analyzing student learning from observing and being tutored, with two target comparisons. Our first
target comparison corresponds to collaboratively observing dialogue versus human tutoring. To the best of our knowledge there
is only one study comparing learning from these two instructional
contexts (Chi et al., 2008). While the researchers in that study did
not find a significant difference between the dialogue and tutoring
conditions, studies comparing being tutored to other activities have
predominantly and consistently shown tutoring to produce better
learning (e.g., P. A. Cohen et al., 1982). Thus, clearly more work
is needed to understand the relative benefits of tutoring and observing tutorial dialogue.
Our second target comparison corresponds to collaboratively
observing dialogue versus collaboratively observing monologue.
As indicated above, there is evidence that students learn more from
observing dialogue videos (2009, Craig et al., 2000, 2006; Driscoll
et al., 2003; Fox Tree, 1999; Muller et al., 2007; Schunk &
Hanson, 1985). However, the vast majority of this work has
scripted the content of the dialogue and monologue videos, manipulating the presence or absence of features of interest. While
this work has provided valuable insight into some of the aspects
that influence observer learning from dialogue and monologue,
scripting has several drawbacks. First, it is an expensive intervention to implement, as designing video content requires an in-depth
understanding of various aspects, such as the target domain, com-
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mon student misconceptions for that domain, common student
questions, and appropriate tutor strategies such as scaffolding and
prompting. Second, more work is needed to fully understand how
to properly script an instructional video, since there is not yet a full
picture of all the factors that influence observer learning or the
interplay between those factors. In contrast, taping and reusing
existing tutorial sessions, for instance ones obtained in a tutoring
center, alleviates these scripting challenges.
As far as we are aware, there is only one educational study that
relied on unscripted content when comparing dialogue to monologue (Craig et al., 2009); this study involved university students
and a physics domain. While the results showed dialogue to be
superior to monologue in terms of student performance on a
delayed problem-solving task, research is needed to see if the
results involving unscripted content generalize to other domains
and populations.
Given the considerations above, in our work we used unscripted
content when creating the dialogue and monologue videos. Another important property of the videos is the tutors and tutees who
appear in them. Prior work used the same tutor in all the videos
(Chi et al., 2008; Craig et al., 2009) or produced a single video per
condition, meaning that the observers all saw the same tutor (and
tutee in the dialogue condition; e.g., Driscoll et al., 2003; Muller et
al., 2008). With such designs, it is difficult to determine whether
the outcomes related to observer learning are due to a particular
manipulation or to a specific tutor or tutee in the video. Thus, we
recruited multiple tutors and tutees for our instructional videos,
thereby ensuring that our results would not be tied to an individual
tutor or tutee and so increasing the generalizability of our findings.

Target Domain
Our target domain corresponded to a conceptual science topic—
molecular diffusion. Evidence has suggested that this is a highly
misconceived and challenging topic for students (Chi, 2005; Chi,
Roscoe, Slotta, Roy, & Chase, 2012; Meir, Perry, Stal, & Klopfer,
2005), because it requires understanding of two difficult concepts:
emergent processes and proportionality.
In general, an emergent process is one that includes many
micro-level agents that behave according to simple rules to produce a more complex, macro-level pattern or outcome (Levy &
Wilensky, 2008). For the case of molecular diffusion, molecules
(micro-level agents) behave according to the rule of continuous
random motion. The macro-level pattern arising from these molecular interactions can be perceived as a flow of one substance
into another prior to equilibrium or as a stable, unchanging solution at equilibrium. Chi (2005) and Chi, Roscoe, et al. (2012)
proposed that molecular diffusion can be regarded as a decentralized system, which is a general characteristic of emergent processes (Resnick, 1996), since there is no controlling agent directing the behavior of molecules. Moreover, Chi (2005) provided a
precise characterization of an emergent process, by specifying a set
of 10 features and attributes that identify and explain such a
process (where features characterize micro-level aspects and attributes characterize inter-level connections between the micro and
macro levels). Our instructional materials targeted these features
and attributes.

3

To illustrate, suppose some blue dye is dropped into water. The
subsequent diffusion of dye throughout the water is an emergent
process for the following reasons:
• (random feature) The molecular interactions are random, in
that any molecule can collide or interact with any other molecule.
• (disjoint attribute) The dye and water molecules and the
visible flow pattern of the dye can behave in disjoint ways. For
instance, the flow (macro pattern) may appear to move in a
certain direction, while the molecules (micro agents) are bouncing around and colliding in ways that may go against this macro
pattern.
• (collective attribute) The flow pattern of dye is caused by
the collective summing of all the molecular interactions.
For the full list of emergent features and attributes, see Chi,
Roscoe, et al. (2012). From the perspective of learning, the two
emergent attributes listed above are classified as inter-level because they require students to reason about both the visible macrolevel pattern and the underlying micro-level interactions. Students
hold various inter-level misconceptions, such as that the molecules
stop moving at equilibrium because the solution appears to be a
uniform, unchanging color (Meir et al., 2005). This misconception
suggests that students think the pattern at the micro-level must
correspond to the pattern at the macro level, thus contradicting the
“disjoint” attribute. Students also hold misconceptions about
micro-level features, such as believing that dye molecules aim to
move to areas in the solution where there are fewer dye molecules
and thus “more room,” instead of by spreading through random
collisions.
The collective attribute requires understanding of ratio and
proportion. For instance, in the context of the above dye-in-water
example, the changes in concentration of dye relative to water
from one area of the beaker to another is what allows one to see the
visible flow of the dye throughout the water. Numerous studies
have shown that proportion concepts are difficult for students (e.g.,
Smith, Carey, & Wiser, 1985), further adding to the complexity of
learning about molecular diffusion.
In general, learning about diffusion is challenging because
students hold many preconceptions that contradict scientifically
appropriate notions for emergent phenomena, as described in
detail in Chi, Roscoe, et al. (2012). For instance, the belief that
all processes follow a sequential, linear progression is reinforced in children because there are many examples of sequential processes in nature, but this characteristic does not hold for
emergent processes. Thus, when students are exposed to emergent processes like diffusion, they develop misconceptions that
result from their prior knowledge. Here we explore student
learning about the emergent process of diffusion in three instructional contexts, and in particular the pedagogical utility of
observing tutorial dialogue for this domain. As described
above, a tutorial dialogue encourages student interaction (Craig
et al., 2009), which in turn may foster learning. Moreover, a
dialogue includes beneficial features like tutee misconceptions
and questions. For instance, since students hold the misconception that molecules become still at equilibrium, observers of a
dialogue video may benefit from witnessing a tutor refute this
misconception after a tutee expresses it.

MULDNER, LAM, AND CHI
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In Study 1, we used the emergent conceptual domain described
above and university-level participants to compare student learning from (1) observing tutorial dialogue versus one-on-one human
tutoring and (2) observing tutorial dialogue versus observing tutorial monologue. In the tutoring condition, each student worked
individually with a human tutor to solve a set of problems. To
provide students in all conditions with interaction opportunities
(the observers as well as the tutees), in the dialogue and monologue conditions students worked in pairs to solve the same set of
problems as were solved by the tutees.

Methodology
Materials. The study involved the following materials related
to diffusion: (1) a two-page diffusion text, (2) a diffusion pretest
and posttest, (3) two diffusion simulations, (4) a diffusion workbook, and (5) 20 instructional videos (10 dialogue and 10 monologue).
Diffusion text ⴙ tests. The diffusion text was designed to
provide a general overview of diffusion to help prepare students
for study participation. The pretest and posttest assessed students’ diffusion knowledge (the pretest included 25 multiplechoice questions, while the posttest included the same 25 questions and four other questions, for a total of 29 questions). The
tests included questions that probed understanding of emergent
aspects of diffusion but without explicitly mentioning emergence. For instance, to assess knowledge of the inter-level
disjoint attribute, one question asked “As the dye diffuses away
from where it was originally dropped into the water, can some
dye molecules bounce back towards this original place?” (see
Appendix for more examples).
Diffusion simulations. To help students understand diffusion concepts, the two simulations showed diffusion occurring
at the visible level (macro simulation; see Figure 1a) and at the
molecular level (micro simulation; see Figure 1b). For instance,
clicking the start button in the micro simulation results in
molecules bouncing and colliding in their container. However,
participants could only observe the simulations being played
and could not manipulate them, consistent with the methodology used in a prior study (Chi, Kristensen, & Roscoe, 2012).
This decision was based on repeated observations from pilot

Figure 1.
level.

evaluations showing that when students could interact with this
type of simulation, they did not use it effectively (e.g., failed to
use it at all or manipulated irrelevant features; Muldner, Dybvig, Lam, & Chi, 2011). Thus, to avoid ineffective use of the
simulations, in the present experiment the tutor controlled the
simulations when showing them to the tutees.
Diffusion workbook. To help guide students’ activities during
the experiment, we created a diffusion workbook that students
were asked to complete. The workbook consisted of seven problems, one per page (each with two to four questions), and covered
the following topics: concentration, proportionality, flow, molecular interactions and behavior, diffusion of liquids and gases, and
diffusion across a semipermeable membrane. As was the case for
the diffusion tests, the workbook problems were designed to indirectly address emergent features and attributes without explicitly
referring to emergence. The majority of these problems included
various surface differences with the test questions to avoid a
teaching-to-the-test effect.
To answer the workbook problems, students had to draw and
write. For instance, Figure 2 shows one of the workbook
problems, consisting of three questions based on a test item in
Meir et al. (2005). The problem describes how when dye is
poured into the left side of a rectangular container of water, it
flows from where it was dropped toward the other areas of the
container and, in particular, appears to flow to the right (this is
the macro-level, or visible view, description). For Question 1,
students were provided with a micro-level (molecular) diagram
that contained the dye and water molecules corresponding to the
macro-level description and were asked to draw the direction(s)
that a given individual molecule was likely to move. The
correct solution reflects that for an individual molecule, any
direction is just as likely, since molecules move randomly.
Thus, this activity targets the disjoint attribute listed above,
because molecules can move in directions opposite to the visible flow pattern. However, students may incorrectly believe
that an individual molecule is more likely to move in the
direction of the dye flow, from higher to lower concentration.
The other two questions (see Figure 2) further probed students
to consider the relation between the macro-level flow of dye
and the underlying dye and water molecular interactions, targeting their understanding of the random feature and disjoint
attribute, respectively.

The two simulations showing diffusion (a) at the visible macro level and (b) at the molecular micro
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Figure 2. Sample workbook questions.

Instructional videos. The instructional videos used in the experiment’s observing conditions corresponded to unscripted tutorial dialogue and lecture-style monologue sessions. Neither the
dialogue nor the monologue videos were edited, and so the observers saw the sessions exactly as they occurred.
We created each dialogue video by videotaping a tutor helping a
student answer the diffusion workbook questions (details on the tutors
and tutees are below). To ensure that the observers could clearly see
the tutee’s work when watching the video, each of the workbook
problems was enlarged onto a single laminated poster that was attached to a whiteboard. The workbook posters mainly included the
problem images, and the tutor read out loud the problem text. The
dialogue videos also included the diffusion simulations, which were
projected onto the wall next to the whiteboard upon the tutor’s request
and shown for the duration of a tutor’s instruction around them. Thus,
the dialogue videos showed the tutor, tutee, workbook problems on
the whiteboard, and the projected simulations (see Figure 3 for an
example). To keep these sessions as natural as possible, the tutors
decided how to cover the instructional materials, including when and
how to use the simulations (all tutors used the simulations to various
degrees). Both the tutors and tutees were free to draw and write on the
whiteboard, ask questions, and so on.
We created a total of 10 dialogue videos in this fashion, by
recruiting five tutors (two female) and having each tutor work
individually with a male student on one occasion and a female
student on another occasion. The average length of a tutoring video
was 25 min. We also created a total of 10 monologue videos, using
the same five tutors; each tutor was featured in two monologue
videos created shortly before or after his/her two dialogue sessions.
For each monologue video, a tutor used a lecture-style presentation
to go over the diffusion workbook problems at the whiteboard, also
showing the diffusion simulations to illustrate various concepts. As

was the case for the dialogue sessions, it was up to the tutors to
decide how to cover the instructional materials. These monologue
sessions were videotaped in the same fashion as the tutoring
sessions. The average length of a monologue video was 21 min.
Since we did not script the content of the dialogue and monologue videos, variations between the videos arose from, for instance, how a tutor chose to explain a concept or a tutee’s misconceptions that elicited tutor feedback.1 However, we did ask the
tutors to go over each of the seven workbook problems to ensure
that all the videos addressed the key high-level concepts. All tutors
predominantly followed this instruction, as we verified by checking the content of the videos (with the following two exceptions:
two tutors did not go over one of the worksheet subproblem
questions, one during a monologue and one during a dialogue).
Tutor participants and preparation. Two of the five tutors
were recruited from the math and science education departments of
a large public university in the southwestern United States through
flyers and informational meetings. Both tutors had teaching and
one-on-one tutoring experience (2⫹ years). The other three tutors
were members of our research lab, including a senior psychology
student (with limited tutoring experience), a graduate student in
educational psychology (with 10 years’ teaching and tutoring
experience), and a graduate student in science education (with 2⫹
years’ tutoring experience). Tutors were compensated $30 for
participation.
1
As a side note, tutee or observer learning outcomes were not influenced
by which tutor a tutee interacted with or observers watched in a dialogue
or monologue video (as we verified with an analysis of covariance with
pretest as the covariate and tutor and condition as the independent variables, no significant main effect of tutor or Tutor ⫻ Condition interaction
was found for either study).
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Figure 3. Screenshots of a dialogue video with (a) tutor (left) and tutee (right) getting ready to do the first
workbook problem; (b) tutor and tutee discussing the second workbook problem shown in Figure 2; (c) close-up
of tutee work as shown in the video; and (d) tutor discussing the diffusion simulations, projected on the left of
the whiteboard. Both individuals appearing here gave signed consent for their likenesses to be published in this
article.

To prepare the tutors for study participation, we had each tutor
(1) read a two-page college-book text on molecular diffusion, (2)
read the student diffusion workbook supplemented with solutions,
(3) use the two diffusion simulations to complete a “simulation”
workbook containing instructions and prompts (e.g., What does the
Macro Simulation look like at equilibrium? What are the dye and
water molecules in the Micro Simulation doing during equilibrium?), and (4) listen to a brief tutorial on pedagogical strategies
that differentiated tutor scaffolding, an effective strategy for student learning (Chi, Siler, Jeong, Yamauchi, & Hausmann, 2001),
from tutor telling, an ineffective strategy (Chi et al., 2008). In
addition, all tutors completed the diffusion posttest and met our
criterion of achieving 80% or above on that test.
Student participants. The student participants were university undergraduates (N ⫽ 50), who completed the study for a
first-year psychology course credit, with an equal number of male
and female students assigned to each condition.
Design and procedure. Study 1 used a between-subjects design with the following three conditions: (1) collaboratively observing dialogue, (2) one-on-one tutoring, and (3) collaboratively
observing monologue.
The procedure for the three conditions was the same. Participants first read the diffusion text (background phase) and then
completed the diffusion pretest. We borrowed the design of including a background phase prior to the pretest from related work
(Chi, Bassok, Lewis, Reimann, & Glasser, 1989; Chi et al., 2008).
This design captures more accurately the effect of the experimental
manipulation than if the background phase is done after the pretest,

because the effect of a given intervention is not inflated by including
the effect of the background phase. After the pretest, participants
completed the diffusion workbook according to each condition’s
procedure and then filled in the diffusion posttest (the pre- and posttest
were done individually). The total time students spent in the study was
no more than 2 hr.
For the tutoring condition (n ⫽ 10, five female), a student worked
with a tutor in a private room to answer the workbook questions
(details on these sessions are above in the Instructional Videos section). Students were assigned to tutors based on tutor availability, with
the constraint that each tutor work with one male and one female
student. These sessions were videotaped and transcribed.
For the two observing conditions (dialogue: n ⫽ 20, 10 female;
monologue: n ⫽ 20, 10 female), students worked in pairs to complete
the diffusion workbook while observing a dialogue video (dialogue
condition) or a monologue video (monologue condition). Each video
was observed by exactly one student pair in a private room. Students
viewed the videos on a desktop computer using the VLC media player
(www.videolan.org/vlc/) and were given a brief overview of VLC at
the start of the session to ensure they could use the player correctly.
Because we wanted to avoid gender effects (Harskamp, Ding, &
Suhre, 2008), we used same-gender pairs and yoked the observers to
the gender of the tutee they saw in the video (e.g., female observers
watched female tutees). To encourage the observers to collaborate,
each pair was given a single diffusion workbook to share, as advocated by E. G. Cohen (1994).
At the start of a dialogue or a monologue observing session, the
participants were told to discuss and answer the workbook ques-
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tions together and that they could take as long as they needed to do
so. Following the methodology in some related work (Chi et al.,
2008; Craig et al., 2009, 2004), the observers could control the
dialogue and monologue videos by pausing, forwarding, or rewinding, accomplished by using the VLC media player interface
tools. Participants were informed about this by being told, You can
rewind/pause/forward the video if you wish—it is up to you as to
how you use the video, but we ask that you do use it to help answer
the workbook questions and that you pause the video during
discussion. Allowing participants to control the video provided
them with opportunities to stop and think about the content (Craig
et al., 2004). Moreover, when observers work in pairs, the ability
to control the video reduces interference with collaboration opportunities, since students do not have to choose between discussing
the target domain and watching the video.
The observers were randomly assigned to the same-gender pairs
and to a given dialogue or monologue video from the respective
participant pools. After several pairs were run, we began a stratified random sampling procedure based on pretest performance to
equalize prior knowledge between the observing conditions. The
average length of an observing session was 40 min (38 min and 41
min for monologue and dialogue, respectively, p ⫽ .42). All
sessions were videotaped and transcribed.

Results
Table 1 (top) shows the means and standard deviations for the
pretest, posttest, and gain scores in each condition. An analysis of
variance (ANOVA) with the pretest data did not reveal significant
differences among the conditions, F(2, 47) ⫽ 0.05, p ⫽ .95. The
average pretest percentage in the three conditions ranged from
55.2% to 57.0% (see Table 1), highlighting that students had some
knowledge of diffusion but that this knowledge was quite limited
even after reading the diffusion text.
Our primary analysis technique corresponded to analysis of
covariance (ANCOVA) with pretest as the covariate, which reduces error variance and is advocated for pretest–posttest designs
of the type used in our experiments (Dimitrov & Rumrill, 2003).
Planned comparisons were conducted if the ANCOVA found a
significant main effect (p ⬍ .05) or a marginal main effect (p ⬍
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.1); for the latter, some sources have proposed that running
planned comparisons is appropriate (Brace, Kemp, & Snelgar,
2003). We calculated effect sizes (eta-squared, 2) for all reported
main effects and Cohen’s d for paired planned comparisons, as
suggested by Vacha-Haase and Thompson (2004). Cohen’s d for
the ANCOVA planned comparisons was calculated using pooled
variance according to the formula in Howell (2010, p. 610 – 611).
J. Cohen (1988) proposed the following guidelines to interpret
effects: as small when 2 ⫽ .01 or d ⫽ 0.2, medium when 2 ⫽
.06 or d ⫽ 0.5, and large when 2 ⫽ .14 or d ⫽ 0.8. However,
these guidelines are intended to be general and so are not tailored
to a specific discipline. Thus, we also rely on Hattie’s (1999)
proposal that in the context of educational interventions, an effect
size of d ⫽ 0.4 or greater is considered practically meaningful.
Impact of condition on learning. An ANCOVA with pretest
percentage as the covariate and posttest percentage as the dependent variable revealed a significant main effect of condition, F(2,
46) ⫽ 4.23, p ⫽ .02, 2 ⫽ .09; key results for Study 1 are
summarized in Table 2 (top). Planned comparisons showed that
there was no significant difference in posttest performance (adjusted by the covariate) between the observing dialogue and tutoring conditions (80.9% and 82.6%, respectively), t(28) ⫽ 0.42, p ⫽
.68, d ⫽ 0.16. Note that despite our modest sample size, this
comparison should have detected a difference if the effect of being
tutored were at the level reported by prior work. In particular,
although the only study to compare human tutoring and dialogue
observation (Chi et al., 2008) did not report an effect size, the
average effect size for being tutored versus other instruction reported in a recent metareview (VanLehn, 2011) was high at d ⫽
0.79. This effect size yields a power of 76% (using GⴱPower
software; Faul, 2012), after adjusting for the covariate following
the recommendation in Wuensch (2012). However, our sample
effect size was much smaller than previously reported at d ⫽ 0.16,
which explains the lack of a significant result (we return to this
finding in the General Discussion section). As far as our second
target comparison, the paired observers had significantly higher
adjusted posttest scores in the observing dialogue condition than in
the observing monologue condition (80.9% and 72.6%, respectively), t(38) ⫽ 2.46, p ⫽ .02, d ⫽ 0.78.

Table 1
Means and Standard Deviations for Each Condition at Pretest, Posttest, and Pure Gain in Studies 1 and 2
Observing dialogue
(n ⫽ 20)

Tutoring
(n ⫽ 10)

Observing monologue
(n ⫽ 20)

Variable

M

SD

M

SD

M

SD

Study 1
Pretest %
Posttest % (adjusteda)
Pure gainb

57.0
81.2 (80.9)
24.2

11.7
12.0
10.9

55.2
81.7 (82.6)
26.5

19.8
13.2
13.1

56.8
72.8 (72.6)
16.0

17.1
18.0
12.0

Observing dialogue
(n ⫽ 16)
Study 2
Pretest %
Posttest % (adjusteda)
Pure gainb
a

40.8
50.2 (50.6)
9.5

Tutoring
(n ⫽ 8)
14.4
19.3
15.5

44.6
64.7 (62.6)
20.1

The values in parentheses report the posttest % adjusted by the pretest covariate.

b

Observing monologue
(n ⫽ 16)
17.2
12.7
15.9

40.2
49.3 (50.0)
9.1

Pure gain ⫽ unadjusted posttest % – pretest %.

16.9
14.9
11.6
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Impact of condition on similar and transfer test questions.
Prior work has suggested that students perform better on problems
that share a high degree of similarity with the instructional materials, compared to problems that are not similar and so require
transfer (Chi, Slotta & de Leeuw, 1994; Gick & Holyoak, 1983;
Reed, Dempster, & Ettinger, 1985). Given that transfer is challenging to achieve, an especially powerful intervention would
show an effect for transfer test questions. We now analyze whether
this was the case in our experiment.
A common way to operationalize transfer is to classify a test
item as involving transfer if its cover story is based on a novel
problem situation, one that is substantially different from the
instructional materials given to the students (Novick & Holyoak,
1991; Reed, 1987; Schwartz & Bransford, 1998). In our experiment, the instructional materials corresponded to the diffusion text
and the problem situations covered by the diffusion workbook.
Thus, we labeled test questions as transfer questions if their cover
story included a novel situation, one not mentioned in these materials. For instance, one of the multiple-choice questions asked
students how a towel hung on a clothesline gets dry, the correct
choice reflecting that the water molecules randomly bounce out of
the towel (instead of, for instance, that they are pulled out by the
concentration gradient). While this situation was never mentioned
in any of the instructional materials, these materials did provide
information on random molecular movement, and so a student
could answer this and other transfer questions by generating additional inferences necessary to adapt to the novel situation. The
remaining “nontransfer” test questions all included a cover story
similar to that in the instructional materials, such as the “dye
diffusing in water” situation illustrated in the text and workbook,
and were labeled as similar. (Note that if a tutor or tutee deviated
from the instructional materials and, for instance, introduced a
situation not in the workbook that was in the test, this could impact
the labels. This never occurred, as we verified by checking the
content of the videos to ensure our labels were correct.) There were
11 transfer posttest questions (with nine corresponding pretest
questions) and 18 similar posttest questions (with 16 corresponding pretest questions).
The data are shown in Table 3 (top), including the means and
standard deviations for the pretest, posttest, and gain scores in each
condition for the transfer and similar test questions (the transfer
and similar pretest scores were calculated using pretest questions
whose corresponding counterparts were labeled as transfer and
similar in the posttest, respectively).
We stated above that prior research indicated transfer test questions
to be more difficult than similar questions for students. This was also

the case in our data. As shown in Table 3, the adjusted transfer
posttest scores were lower than the similar posttest scores; the transfer
pretest scores were also lower compared to the similar pretest scores.
Thus, although our criterion for determining whether a question was
one of transfer or not depended on whether it was embedded in a
context similar to one used in the instructional materials, the lower
overall pretest scores across conditions for the transfer questions also
indicate that these questions were in fact harder.
For the transfer test questions, an ANCOVA with pretest percentage as the covariate and transfer posttest percentage as the
dependent variable found a marginal effect of condition, F(2, 46) ⫽
2.87, p ⫽ .07, 2 ⫽ .09. Planned comparisons showed that there
was no significant difference in adjusted posttest performance for
these questions between the dialogue and tutoring conditions
(73.3% and 75.6%, respectively), t(28) ⫽ 0.29, p ⫽ .77, d ⫽ 0.11.
Moreover, students who observed dialogue had a significantly
higher adjusted posttest percentage than did students who observed
monologue (73.3% and 60.3%, respectively), t(38) ⫽ 2.05, p ⫽
.046, d ⫽ 0.65. For the similar test questions, an ANCOVA with
pretest percentage as the covariate and similar posttest percentage
as the dependent variable did not find a significant effect of
condition, F(2, 46) ⫽ 2.30, p ⫽ .11, 2 ⫽ .05.
Summary. In Study 1, university students learned about a conceptual emergent topic, namely, diffusion. Despite the fact that diffusion instruction begins in middle school, our participants still found
this process difficult to understand. The lack of ceiling at pre- or
posttest across conditions is consistent with the literature indicating
that emergent misconceptions are deeply rooted (Chi, 2005; Meir et
al., 2005). We did, however, find that students learned better in some
instructional contexts than others and, in particular, that students
learned significantly more from observing dialogue than observing
monologue. Our analysis also showed no significant difference in
learning from collaborative observation of dialogue and tutoring,
coupled with a very small effect size for this comparison.

Study 2
In Study 2, we investigated whether the results from Study 1 would
generalize to a younger population. Therefore, Study 2 used Study 1
methodology and similar materials but involved middle school students. As far as the materials are concerned, we have used versions of
the diffusion tests in prior studies with middle school students (Muldner et al., 2011) and found them to be appropriate. Keeping the
materials similar across the two studies controlled for this variable,
making it possible to more accurately measure the effect of instructional context.

Materials, Participants, Design, and Procedure
Table 2
Summary of Key Results for Studies 1 and 2
Study

F

Study 1
Planned comparisons
Dialogue vs. tutoring
Dialogue vs. monologue
Study 2
Planned comparisons
Dialogue vs. tutoring
Dialogue vs. monologue

4.23

t

0.42
2.46
2.80
2.11
0.12

p

df

2

.02

46

.09

.68
.02
.07

28
38
36

.04
.91

22
30

d

0.16
0.78
.08
0.92
0.04

As mentioned above, the materials for Study 2 were based on Study
1 materials but with some minor refinements. For instance, Study 2
took place at the students’ school, and since the school imposed a time
restriction, the tests used were shortened and modified slightly to 21
pretest questions and six additional questions for the posttest (total 27
posttest questions; 24 of the 27 posttest questions were taken from the
Study 1 posttest).
The workbook also covered the same overall concepts but included
some differences. Specifically, two of the seven main problems were
new (and replaced two of the Study 1 problems), and the remaining
five problems included minor differences, such as an extra activity;
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Table 3
Means and Standard Deviations for Each Condition on Pretest, Posttest, and Pure Gain for the Similar and Transfer Test Questions
in Studies 1 and 2
Observing dialogue (n ⫽ 20)
Similar

Tutoring (n ⫽ 10)

Transfer

Similar

Transfer

Similar

Transfer

Variable

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

Study 1
Pretest %
Posttest % (adjusteda)
Pure gainb

60.0
85.8 (85.6)
25.8

9.8
10.0
11.9

51.1
73.6 (73.3)
22.5

21.5
20.8
13.6

60.6
86.1 (87.0)
25.5

15.6
11.8
11.5

45.6
74.6 (75.6)
29.0

32.5
20.0
21.2

59.4
80.3 (80.1)
20.9

18.2
17.2
10.7

51.7
60.5 (60.3)
8.8

22.0
26.4
20.3

Observing dialogue (n ⫽ 16)
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Observing monologue (n ⫽ 20)

Study 2
Pretest %
Posttest % (adjusteda)
Pure gainb
a

49.4
57.5 (57.9)
8.1

20.2
22.3
24.0

31.3
41.2 (41.4)
9.9

Tutoring (n ⫽ 8)
17.5
18.4
13.2

58.1
74.6 (72.0)
16.5

The values in parentheses report the posttest % adjusted by the pretest covariate.

the overall number of individual subproblem questions across both
studies was comparable, at 20 and 18 for Study 1 and Study 2,
respectively.
We created a new set of dialogue and monologue videos for Study
2 using the protocol from Study 1. Eight dialogue videos were
created, using four of the tutors who participated in Study 1. Each
tutor worked individually and on separate occasions with two middle
school tutees (one female) to complete the diffusion workbook. The
average length of a dialogue video was 33 min. Each tutor also
generated two lecture-style monologues before or after each of his or
her dialogue sessions, and these became the eight monologue videos
used in Study 2. The average length of a monologue video was 24
min.
The student participants were 40 middle school students (four
Grade 7 and 36 Grade 8 students; 22 female), recruited from a Title
I school located in a major southwestern U.S. city. All participants
were performing at least at grade level. None of the participants
had been taught about molecular diffusion at school (as reported
by the school principal and the Grade 8 science teacher). Students
participated on site at their school but outside of their regular
classroom activities and were reimbursed $20 for their time.
The design for Study 2 followed the one used for Study 1, namely,
a between-subjects design with three conditions (collaboratively observing dialogue, one-on-one tutoring, collaboratively observing
monologue), as did the random assignment and study procedure
(participants read the diffusion text, completed the pretest, completed
the diffusion workbook in one of the three conditions, and completed
the posttest). As was the case in Study 1, all sessions were conducted
individually in a private room, and the observers worked in samegender pairs. The one deviation was that since we were in a school
setting, we needed to have tighter time control, in that all observers
had to finish within 2 hr. All but one of the dialogue videos were
slightly longer, so we anticipated that students in the dialogue condition might take a little longer. Thus, we used a yoking procedure in
which we ran the longer video first (e.g., dialogue) and yoked the
observers in the other condition (e.g., monologue) by how long the
first-video observers took.2 The average length of an observing session was 36 min (35 and 38 min for monologue and dialogue,
respectively; p ⫽ .2).

21.4
17.5
18.2
b

30.0
52.5 (50.9)
22.5

Observing monologue (n ⫽ 16)
18.2
11.4
16.5

51.2
60.0 (60.9)
8.9

23.2
17.4
13.6

28.1
35.9 (36.5)
7.8

14.2
18.7
16.9

Pure gain ⫽ unadjusted posttest % – pretest %.

Results
Table 1 (bottom) shows the means and standard deviations for the
pretest, posttest, and gain scores in each condition (N ⫽ 40; eight
tutees, 16 dialogue observers and 16 monologue observers). An
ANOVA with the pretest data did not reveal significant differences
among the conditions, F(2, 37) ⫽ 0.21, p ⫽ .81. The average pretest
score ranged from 40.2% to 44.6% across the three conditions (see
Table 1, bottom), which is lower than the Study 1 pretest scores,
which were in the 55%–57% range (see Table 1, top).
Impact of condition on learning. An ANCOVA with pretest
percentage as the covariate and posttest percentage as the dependent variable showed a marginally significant effect of condition,
F(2, 36) ⫽ 2.80, p ⫽ .07, 2 ⫽ .08; key results for Study 2 are
summarized in Table 2 (bottom). Planned comparisons indicated
that students who observed dialogue had significantly lower adjusted posttest scores than did students who were tutored (50.6%
vs. 62.6%, respectively), t(22) ⫽ 2.11, p ⫽ .04, d ⫽ 0.92. There
was no significant difference in adjusted posttest performance
between the dialogue and monologue observers (50.6 and 50.0,
respectively), t(30) ⫽ 0.12, p ⫽ .91, d ⫽ 0.04.
Impact of condition on similar and transfer test questions.
To determine if conditional differences existed for various types of
test questions, we applied the approach used for Study 1 to label test
2
For a dialogue/monologue video pair (i.e., generated by a given tutor),
we showed the longer video first (typically dialogue). The other video was
then used in the corresponding condition, and participants in that condition
were yoked by how long observers watching the first video took (within a
5-min grace period to allow for minor variations). If students took longer
outside of the grace period, they were cut off, and if they took less time
outside of the grace period, they were asked to review their work. For
instance, given a dialogue video of length 30 min and a corresponding
monologue video of length 25 min, we would show the dialogue video
first. If the observers in that condition took 35 min total to watch the video
and fill in the workbook, we would then run the monologue condition,
informing the students that they had about 35 min to complete the task. It
turned out by chance that two pairs from the monologue condition took
longer than the allotted time period and had to be cut off before they
finished the workbook problems (but both pairs were on the last problem
of the workbook).
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questions as transfer or similar. The results are shown in Table 3
(bottom), including the means and standard deviations for the pretest,
posttest, and gain scores in each condition for each category. As in
Study 1, in Study 2 the transfer questions also were more challenging
than the similar questions: Students’ pretest and adjusted posttest
scores were lower for the transfer questions (see Table 3).
As shown in Table 3 (bottom), for both question categories, the
tutees had higher posttest scores than did the dialogue observers,
while the observers’ scores were comparable between the dialogue
and monologue conditions. However, the ANCOVA did not reach
significance for either the transfer questions, F(2, 36) ⫽ 2.20, p ⫽
.13, 2 ⫽ .08, or for the similar questions, F(2, 36) ⫽ 2.26, p ⫽
.12, 2 ⫽ .07.
Summary. Study 2 did not replicate the results of Study 1. In
Study 2 students learned less from collaboratively observing dialogue than from being tutored, and there was no significant difference between the dialogue and monologue conditions. We now
carry out further analysis to shed some light on the discrepancy
between the Study 1 and Study 2 results.

Reconciling the Results From Study 1 and Study 2
Some researchers have proposed that a large portion of the tutoring
benefit is due to the fact that tutees are interactive with the tutor (Chi
et al., 2001, 2008), which provides constructive opportunities for the
tutee. For instance, tutor prompting and scaffolding encourages tutees
to generate substantive contributions, which are domain-related utterances that have been shown to be positively associated with learning
(Chi et al., 2008). Collaborative observers also have constructive
opportunities, but their interaction is not driven by a tutor. This
difference may have various implications in terms of how student
behaviors impact learning in general and the production and benefit of
substantive contributions in particular. Thus, we now analyze students’ substantive contributions during observing and being tutored
and speculate on how the findings can be used to interpret and
reconcile our results from Study 1 and Study 2.

tional materials. Note, however, that students could refer to the
problem statement in their own words while talking to their partner, and that would be considered substantive. Other segments that
were not considered substantive included simple agreement (e.g.,
“yeah” or “uh huh”), repetition, or off-task remarks. To illustrate,
consider the following single student utterance, which includes
four segments:
[1]

If there is a flow of dye, which direction would it appear
to move and why //

[2]

I think it would be in all directions //

[3]

because the guy said that you wouldn’t be able to know
where they go //

[4]

because they are always moving.

The first segment corresponds to the student reading a diffusion
workbook question and so, according to the coding scheme, is not
considered substantive. The last three segments (Segments 2– 4)
are considered substantive because they describe how the molecular motion is random and continuous.
Two researchers coded a random portion of the observer and
tutee transcripts (corresponding to 20% of the transcripts for Study
1 and Study 2) for substantive contributions. Interrater reliability
was high (Kappa ⫽ .88). Thus, the remainder of the protocols was
coded by one of the researchers.
Overall, collapsing across conditions and studies, substantive contributions were positively correlated with posttest scores (after controlling for pretest, r ⫽ .34, p ⬍ .01), which replicates results from
prior work (Chi et al., 2008). Furthermore, collapsing across conditions, university students generated more substantive contributions
than did middle school students (46.40 and 31.87, respectively),
t(84) ⫽ 2.3, p ⫽ .02, d ⫽ 0.51.3 As reported by an ANCOVA with
pretest as the covariate, the college students also had higher adjusted
posttest scores than did the middle school students (77.93% vs. 52.75,
respectively), F(1, 87) ⫽ 26.22, p ⬍ .01, 2 ⫽ .11. We then performed more fine grained analysis exploring conditional effects on
substantive contribution generation.

Generation of Substantive Contributions
To identify student substantive contributions, we followed the
convention used in the Chi et al. (2008) work by analyzing
students’ verbal utterances. Thus, we first segmented the protocols
at the phrase level and then relied on the following definition from
Chi et al.:
A substantive segment is defined as a meaningful contribution to an
ongoing activity, such as problem solving, or a relevant response to a
tutor’s explanations. (p. 325)

While Chi et al. used this definition to identify tutees’ substantive
contributions during a tutoring session, the definition can also be
used to label observers’ contributions during collaborative observation. Given this definition, segments related to the domain after
students read the target problem statement were considered substantive. We did not consider simply reading a problem statement
in the diffusion workbook as substantive, for two main reasons.
First, we did not ask students to read the problem statements out
loud, and some read them silently, which could have biased the
coding. More important, for this coding, we wanted our analysis to
go beyond a student being on task, by capturing student ideas and
thoughts on diffusion that were not exactly based on the instruc-

Number of Substantive Contributions
Table 4 shows the means and standard deviations for the number
of substantive contributions in the three conditions for Study 1 and
Study 2. In both studies, the effect of contributions was significant,
as indicated by an ANOVA with substantive contributions as the
dependent variable: Study 1: F(2, 45) ⫽ 19.36, p ⬍ .01, 2 ⫽ .46;
Study 2: F(2, 35) ⫽ 38.45, p ⬍ .01, 2 ⫽ .69. In Study 1, the tutees
generated more substantive contributions than did the dialogue
observers (87.1 vs. 45.4, respectively), t(27) ⫽ 4.44, p ⬍ .01, d ⫽
1.78, and the dialogue observers produced more substantive contributions than did the monologue observers (45.4 vs. 28.2, respectively), t(37) ⫽ 2.29, p ⫽ .03, d ⫽ 0.73. In Study 2, the tutees also
generated more substantive contributions than did the dialogue
observers (75.0 vs. 23.7, respectively), t(21) ⫽ 7.84, p ⬍ .01, d ⫽
3.55, but there was no significant difference between the dialogue
3
Slight variations in df are due to the removal of two outliers in the
substantive data, which were identified by the SPSS application (one in the
monologue condition and one in the tutoring condition for Study 1 and for
Study 2).
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Table 4
Means and Standard Deviations for Each Condition for Total
Substantive Contributions in Study 1 and Study 2
Observing
dialogue

[7] T: And what other directions could it go?
[8] S: It can go this way and that way.

Study

M

SD

N

M

SD

Na

M

SD

Na

Study 1
Study 2

45.4
23.7

26.1
11.3

20
16

87.1
75.0

31.8
25.8

9
7

28.2
20.5

14.2
10.0

19
15

a
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[6] S: Ok so for example it could move this way or move towards this
one and then bounce off . . .

Observing
monologue

Tutoring

Slight variations in N are due to outlier removal.

and monologue observers (23.7 and 20.5, respectively), t(29) ⫽
0.62, p ⫽ .54, d ⫽ 0.22.
Given that the generation of substantive contributions has been
shown to be associated with learning (Chi et al., 2008), this data
provides a possible explanation for our observer-related results.
That is, for Study 1, the dialogue observers generated more substantive contributions than did the monologue observers, and this
pattern corresponds to their learning, in that the dialogue observers
learned more than did the monologue observers. Similarly, in
Study 2 there was no significant difference in the number of
substantive contributions between the dialogue and monologue
conditions, which could explain the lack of a reliable difference in
student learning between the observing conditions in Study 2.
The generation of substantive contributions may also explain the
superior learning of the tutees in Study 2 compared to the dialogue
observers, since the pattern of learning and the pattern of substantive
contributions correspond. However, this correspondence is not apparent for the Study 1 tutees. That is, for Study 1, even though the tutees
generated significantly more substantive contributions than did the
dialogue observers, the tutees did not learn more than these observers.
The next analysis attempts to explain this dilemma.

Analyses of Tutors’ Elicitation Style and Its Impact on
Substantive Contributions
We now speculate on the style of interaction between the individuals within a pair (a tutor and tutee vs. two collaborative observers) as
a factor in the suppressed advantage of the tutees’ substantive contributions compared to the observers’ substantive contributions in Study
1. In a tutorial session, the tutor is driving the interaction through
scaffolding prompts and questions while the student responds to these
prompts and questions, an interaction style we refer to as questionand-answer below. To illustrate, here is an excerpt of a typical
tutoring session between a tutor T and a student S (Study 1):
[1] T: Ok, so describe—this is kind of a redundant question but
describe how the water and dye molecules are behaving.
[2] S: Alright um . . . the molecules they are continually moving in a
random . . . aaa . . . direction, most likely straight and when they hit,
they bounce off each other and move off in that direction.
[3] T: Right so if I were to ask you to draw arrows for this water
molecule, how would you draw it?
[4] S: Umm . . . just like a general arrow?
[5] T: So the same thing we did for this one (points).
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[9] T: Right so when we just compare the arrows then it looks like
they are behaving in exactly the same way, right?

The vast majority of tutees’ substantive contributions were
elicited by their tutor in this manner, highlighting that tutees rarely
initiate information without being prompted by a tutor question (on
average, only 13.6% of the tutee substantive contributions were
initiated by the tutees in Study 1 and 3.2% in Study 2).
Given that the tutoring condition had the question-and-answer
style of interaction, it is not surprising that the tutees generated
many substantive contributions, since the tutees’ contributions
were mostly elicited by a tutor. However, in Study 1, the tutee
substantive contribution frequency did not result in the tutees’
learning significantly more than did the dialogue observers. Why
would more not be better, as far as tutees’ substantive contributions are concerned? This result supports the “interaction plateau”
conjecture (VanLehn, 2011), which suggests that the benefits of
interaction between a tutor and a tutee eventually level off, reaching a point where more interactivity does not improve learning.
Since a byproduct of interactivity is the generation of substantive
contributions, it may be that the Study 1 tutee participants encountered this plateau because they had generated so many substantive
contributions (more than did the observers), and subsequent generation of substantive contributions did not produce more learning.
But why is a plateau encountered?
One possibility relates to the fact that the contributions produced
by the tutees are not always adapted to their individual needs, since
the tutor elicits such contributions. In some sense, the tutees rely
on the tutor to elicit the information that helps them learn. However, tutors are not very adept at accurately assessing the mental
models of their tutees (Chi, Siler, & Jeong, 2004; Herppich,
Wittwer, Nückles, & Renkl, 2013), suggesting that at least some of
the time the tutor may be asking questions that do not foster
learning. For instance, tutors may be eliciting information that is
already known by their tutees, which would not be as beneficial for
learning and could explain the interaction plateau. To see if this
was the case, we analyzed tutees’ substantive contributions during
their tutoring sessions.
We labeled a tutee’s substantive contribution as incorrect if it
corresponded to an incorrect tutee contribution during the tutorial
session or contribution(s) directly following an incorrect response
and related to it (i.e., corresponding to the tutor’s probing the
student about his or her incorrect response). Remaining substantive
contributions were labeled as correct. For Study 1, we found that,
on average, 74.5% of the tutee contributions were correct. One
interpretation of this result is that the Study 1 tutees may have
already known much of what the tutor was eliciting, thereby
providing an explanation for why they did not learn more than did
the dialogue observers even though they generated many more
substantive contributions. This result might also explain the interaction plateau.
In contrast to the Study 1 tutees, the Study 2 tutees did learn
significantly better than did the dialogue observers. Why was this the
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case? To answer this question, we examined whether the elicited tutee
contributions for Study 2 were mostly incorrect, thus accounting for
the greater learning of the tutees compared to the dialogue observers
in that study. When we analyzed the correct versus incorrect substantive contributions for the Study 2 tutees, we found that 39.5%
were correct, a much lower proportion than in Study 1 (74.5%). The
difference between Study 1 and Study 2 correct proportions is significant, t(16) ⫽ 5.86, p ⬍ .01, d ⫽ 2.78, and suggests that in contrast
to the Study 1 tutees, the Study 2 tutees may not have reached the
interaction plateau, because many of the contributions they provided
corresponded to concepts they still had to learn. This in turn provides
a clue as to why, in Study 2, the tutees learned significantly more than
did the dialogue observers. A complementary explanation relates to
the fact that the Study 2 dialogue observers did not generate many
substantive contributions, significantly less than did the Study 1
dialogue observers (23.7 and 45.4, respectively), t(34) ⫽ 3.3, p ⬍ .01,
d ⫽ 1.5.
Exploratory regression analyses. The above analyses and interpretations suggest that substantive contributions may have a different impact for observers than for tutees, since so many of the tutee
contributions are elicited instead of self-generated. To substantiate
this interpretation, we analyzed the relationship of substantive contributions and posttest performance for tutoring versus observing more
closely, by running an exploratory linear regression, with posttest as
the dependent variable and pretest, substantive, condition and Condition ⫻ Substantive interaction as the explanatory variables. Because
we were primarily interested in analyzing how being substantive
influenced learning in the tutoring versus observing contexts, without
distinguishing dialogue and monologue, we collapsed the two observing contexts, so that condition had two levels: observing and tutoring.
Since condition is a categorical variable, we transformed it into two
binary dummy variables (0, 1), where 1 corresponded to observing
and 0 corresponded to tutoring. Note that with a “dummy” coding, a
given dummy variable represents a comparison between the target
variable and the reference variable and so, given N dummy variables,
only N ⫺ 1 can be input into the linear regression. We chose tutoring
as the reference variable (because we had only two variables, this
choice was arbitrary, given that our focus was on the interaction term,
as we describe below).
For Study 1, the overall model we obtained, shown in Table 5 (top),
is significant (R2 ⫽ .63), F(4, 43) ⫽ 18.07, p ⬍ .01. Of primary
interest is the interaction term, which reveals whether a difference

exists in how substantive contributions influenced posttest scores
between the tutoring and observing conditions. Since the interpretation of the other coefficients is affected by the interaction term
(Braumoeller, 2004), which essentially renders them “baseline”
slopes (Grace-Martin, 2000), they are not relevant and are not discussed here. The interaction is modest but significant and indicates
that overall, substantive has a stronger positive relationship to posttest
for observing compared to tutoring. For Study 2, the overall model we
obtained, shown in Table 5 (bottom), is also significant (R2 ⫽ .49),
F(4, 33) ⫽ 8.0, p ⬍ .01. As was the case for Study 1, the interaction
term is significant and indicates that substantive has a stronger positive relationship to posttest for observing compared to tutoring.

General Discussion
One of our research goals was to compare the pedagogical utility of
being tutored against collaborative observation of dialogue. This is an
especially important comparison, given that tutoring is very effective
at fostering learning but is impractical in terms of scalability, since
providing a human tutor for every student is not practical. Thus,
finding alternative interventions that are beneficial for learning but
also scalable has been a long-standing goal in the educational psychology field. Our findings indicate that for a university population,
collaborative observation of dialogue has higher overall utility than
does being tutored, for reasons we expand on now.
When evaluating the pedagogical utility of an intervention, it is
paramount to consider not only its scalability, in terms of how easily
it may be implemented, and its impact on learning, but also the effect
size of that impact (Breaugh, 2003; Hattie, 1999). For instance, a
treatment that has a large positive effect may have a high utility even
if it is not scalable, while a treatment that is scalable may be desirable
even when it is not superior in terms of impact and effect size over a
less scalable intervention. What is the threshold for a “meaningful”
effect size? While P. A. Cohen et al. (1982) indicated a generic
threshold of d ⫽ 0.2 as a small effect, for educational applications
Hattie (1999) argued that in order for an intervention to have practical
meaning the effect size needs to be d ⫽ 0.4 or greater.
For Study 1, the sample effect size of the tutoring – observing
dialogue comparison was very small at d ⫽ 0.16, substantially below
the Hattie (1999) practical level of d ⫽ 0.4. Thus, even though the
lack of a significant difference for this comparison means we cannot
determine which treatment was superior, we can still conclude that

Table 5
Linear Regression Coefficients for Study 1 and Study 2
Predictors
Study 1
Condition ⫻ Substantive
Constant
Condition
Pretest
Substantive
Study 2
Condition ⫻ Substantive
Constant
Condition
Pretest
Substantive

Unstandardized
coefficient

Standardized
coefficient

t

p

0.30
46.03
⫺17.40
0.69
⫺0.05

.49
—
⫺.45
.69
⫺.10

2.33
4.18
⫺1.65
7.35
⫺0.49

.02
.00
.11
.00
.66

0.63
61.42
⫺45.12
0.67
⫺0.36

.49
—
⫺1.06
.62
⫺.54

2.10
3.88
⫺2.63
4.77
⫺1.72

.04
.00
.01
.00
.09
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observing dialogue had higher utility than did being tutored in Study
1. This is because one-on-one human tutoring is a much less scalable
intervention than observing dialogue, and the sample effect size for
this comparison was too low to be meaningful.
Dialogue observation also had a higher utility than did monologue
observation in Study 1. This is because although both are scalable
approaches, we found that observing dialogue fostered significantly
more learning, with a large effect size (d ⫽ 0.78). Thus, we confirmed
results from prior work with scripted content that dialogue observation is superior, as well as generalized this result to an emergent
domain. To explain why dialogue was superior, we analyzed students’
substantive contributions from the observation sessions and showed
that the dialogue observers generated more such contributions than
did the monologue observers. In a sense, one could argue that the
dialogue observers were more engaged, something that Craig et al.
(2009) also found when they compared dialogue and monologue
observation. This increased engagement may occur because observers
mirror a highly interactive tutoring session, a conjecture proposed by
Chi (2013).
The benefits of dialogue observation in Study 1 did not transfer
over to Study 2, which involved a younger population. In particular,
the Study 2 tutees learned more than did the dialogue observers, with
a large effect size (d ⫽ 0.92); thus, the utility of being tutored was
higher in this study. One explanation for this result we proposed
above is that the Study 2 dialogue observers did not generate many
substantive contributions. A second complementary explanation pertains to student knowledge. Although participants in both our studies
found the target domain challenging, as indicated by a lack of ceiling
at pretest or posttest, the domain may have been particularly difficult
for the younger Study 2 population, as suggested by our analysis of
the tutee known versus unknown contributions (as well as the lower
test scores). Interacting with a tutor is especially beneficial for lowknowledge students (VanLehn et al., 2007), which provides an additional explanation for why the Study 2 observers learned less than did
the Study 2 tutees.
Also, in contrast to Study 1 findings, in Study 2 the utility of
dialogue and monologue observation was comparable, in that the
dialogue observers did not learn more than did the monologue observers, and the sample effect size was very small for this comparison
(d ⫽ 0.04). Our analysis of substantive contributions again provides
an explanation for this finding, since there was no significant difference between the two observing conditions in terms of these contributions. Thus, the benefit of dialogue encouraging observers to be
more substantive that we saw in Study 1 did not transfer to Study 2.
Why would this be the case?
It is possible that the younger students may have lacked the necessary metacognitive skills, for instance needed to realize lack of
understanding, which could be repaired through the generation of
substantive contributions during discussion with one’s partner. There
is some evidence that metacognitive skills increase as students progress from grade school to university (Veenman, Wilhelm, Beishuizen,
2004). Thus, younger students may require additional scaffolding to
contribute substantively in a collaborative situation, over and beyond
the implicit support offered by a dialogue video.
An additional explanation for the difference in Study 1 and Study
2 observer results could be related to the content of the Study 1 and
Study 2 videos, if only the Study 1 dialogue videos contained more of
those beneficial features (deep questions, misconceptions) that we
indicated in the introduction aid observer learning. This, however,
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was not the case: Both the Study 1 and Study 2 dialogue videos
contained more deep questions than did the monologue videos (Study
1: 18.2 vs. 2.3, respectively; Study 2: 25.2 vs. 1.8, respectively) and
more refuted misconceptions than did the monologue videos (in a
monologue video, a refuted misconception corresponded to a tutor
stating an incorrect concept and then refuting it; Study 1: 5.9 vs. 2.5,
respectively; Study 2: 9.0 vs. 2.4, respectively). Thus, we cannot draw
conclusions as to the impact of these features on observer learning in
our studies, since only the Study 1 dialogue observers followed the
expected pattern of learning more in the presence of these features.
However, in contrast to prior work exploring the role of questions or
misconceptions (e.g., Craig et al., 2004; Driscoll et al., 2003; Muller
et al., 2007; Schunk & Hanson, 1985), in our experiments students
worked collaboratively. Such a context may diminish some of the
misconception and question effects, because the effect of collaboration may be stronger and so may overshadow other effects. Moreover,
a student’s collaborator may generate behaviors associated with these
features. For instance, observers don’t have ideal domain knowledge
and consequently may produce misconceptions or generate questions
to their partner. Thus, more work is needed to understand how these
features (questions, misconceptions) influence learning in collaborative situations.

Limitations
In our studies, the observing conditions had more participants than
did the tutoring condition, because we wanted (1) to balance the
content by having each tutee video be viewed by exactly one pair of
dialogue observers and (2) to afford the observers interaction opportunities by having them work in pairs. While Howell (2010) proposed
that unequal sample sizes across conditions can easily be accounted
for in a one-way design (e.g., supported by SPSS and used in our
analysis), such a design could result in a loss of power, and so our
results should be replicated with additional studies and larger subject
pools.
A second limitation pertains to the post hoc nature of our analysis
used to explain our results from Study 1 and Study 2, related to the
generation of substantive contributions in a collaborative setting. Such
contributions are a form of active and/or constructive behaviors,
which prior work has shown to be highly beneficial, as conceptualized
in the interactive-constructive-active-passive framework (Chi, 2009).
The majority of our results mirror this pattern, in that conditions in
which students produced more contributions also had more learning,
but we did not experimentally control for this factor a priori. Consequently, our results, while consistent with our findings related to
student learning, need to be replicated with controlled experiments
where substantive contributions are explicitly manipulated.

Future Directions and Implications
Since Study 2 showed middle school students did not learn optimally from collaboratively observing dialogue, future work should
explore how to better support younger students in order to maximize
their learning. One approach is to devise scaffolding that will help
students generate more substantive contributions, such as prompts
embedded in the video reminding students to reflect (Ogan, Aleven, &
Jones, 2009; van Blankenstein, Dolmans, van der Vleuten & Schmidt,
2011). In addition, we plan to explore how students’ prior knowledge
impacts learning from collaborative observation, which may shed
further light on why, compared to Study 1, Study 2 observers’
learning was lower.
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To conclude, we have shown that collaboratively observing dialogue is an effective instructional intervention for difficult conceptual
topics in an emergent domain for a university-level population. This
paradigm had higher utility than did being tutored, since it fostered
more learning and is more scalable. We believe that learning from
observing dialogue has the potential to also benefit younger students,
but more work is needed to understand how to best support or guide
this population during observation. Of course we are not proposing
that collaborative observation of dialogue should replace being tutored in all instances, but rather that it can serve as a viable alternative
when a tutor is not available, as is the case in many situations. For
instance, one natural context for observational learning is online
applications, where dissemination is facilitated by the recent surge in
E-learning, which has given rise to various courses, degree programs,
and learning academies. Currently, online materials are often monologue based (e.g., instructional videos with a “talking head”; Caspi,
Gorsky, & Privman, 2005; Zhang, Zhou, Briggs, & Nunamaker,
2006). Thus, these venues are missing an opportunity to optimize
student learning with dialogue-based materials for collaborative observers.
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Appendix
Sample Test Questions Used in Study 1 and Study 2
We have a glass full of clear water. We add several drops of
dark green dye (Picture 1). You will see that the dye seems to
swirl and spread through the water (Pictures 2 and 3). Eventually you see the water– dye solution is a uniform color (Picture 4).
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Picture 1

Picture 2

Picture 3

Picture 4

1. [similar] When the dye is dropped into the water, it will appear
to flow in the beaker because:
a. the dye molecules are colliding and spreading, while the
water molecules stay in place.
b. the dye molecules are colliding and spreading to where
there is more room in the water areas of the solution.
c. the dye molecules are dissolving into the water molecules creating the flow pattern.
d. all the molecules are colliding and spreading, leading to
changes in concentration from one area to another.
2. [similar] Eventually, the dye doesn’t appear to spread anymore
and the solution is a uniform color (Picture 4). This is called
equilibrium. When equilibrium is reached:
a.
b.
c.
d.

all of the molecules stop moving.
all of the molecules keep moving.
the dye molecules stop moving.
the water molecules stop moving.

Suppose you have two beakers connected by a short tube with
a clamp (see below). Beaker #1 contains a highly concentrated
solution of darkly colored blue dye and water. Beaker #2
contains only water.

a. Once equilibrium is reached, we will not see a blue flow
of dye because the dye molecules have stopped moving.
b. At equilibrium, the concentrations will be about the
same in both beakers so we will no longer see a flow of
blue dye.
c. We will start to see a blue flow back into Beaker #1
after equilibrium since the molecules are always moving.
d. Sometimes the dye molecules will attract each other and
the flow of dye will start to move back into Beaker #1.
A glass has 100 ml of water mixed with 10 spoons of sugar. A
balloon is filled with 50 ml of water and 1 spoon of sugar. Both
water and sugar molecules can pass through the balloon walls.

4. [transfer] After you put the balloon in the glass, eventually
equilibrium is reached. At equilibrium:
a. the sugar molecules in the balloon and the glass exchange places so the sweetness in the glass never
changes.
b. sugar molecules will have moved from the balloon to
the glass, so the water in the glass will taste sweeter
than before.
c. the sugar and water molecules will have spread around,
so the water in the glass will taste less sweet than
before.
d. the sugar and water molecules will have spread around,
so the water in the glass will taste sweeter than before.
When you hang a wet shirt on a clothesline on a sunny day, it
dries through the process of evaporation. Evaporation is similar to the process of diffusion.

3. [similar] The clamp between the beakers is removed. Choose the
most correct statement:
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5. [transfer] Which sentence explains how the shirt gets dry?
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a. The water molecules in the shirt collide continuously
and by chance some bounce from the shirt into the air.
b. The water molecules leave the shirt when the sun’s heat
breaks the bonds between the molecules and the shirt.
c. The air has a low concentration of water, which pulls
the water molecules out of the shirt.
d. Heat from the sun forces the water molecules to expand
and this causes the water molecules to leave the shirt.
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6. [transfer] If a water molecule leaves the shirt, can it ever go back
into the shirt?
a.
b.
c.
d.

Yes
Yes, if it is attached to another water molecule
No
No, unless it is attached to another air molecule
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