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ARTICLE

ABSTRACT
Small-group discussion is a central component of 21st-century biology classrooms. Many 
factors shape these discussions and thus influence potential learning gains. This study 
examined how accuracy and idea consideration shaped small-group discussions in un-
dergraduate biology labs (12 groups, M = 42.8 talk turns). To do this, we asked 1) Is there 
a relationship between a student’s science accuracy and the amount peers consider the 
student’s ideas? 2) To what extent does peer consideration of a student’s ideas predict 
that student’s ability to steer the conversation? Building on this second question, we then 
explored 3) Does general group academic ability or immediate conversational accuracy 
better predict group learning? To answer these questions, we coded aspects of discourse 
(science accuracy, idea consideration, etc.) before quantitative analysis. Strong correla-
tion was found between students’ science accuracy and idea consideration (r = 0.70). Both 
accuracy and idea building predicted one’s ability to steer the conversation. Subsequent 
analysis highlighted the critical role of immediate discourse in group learning. Group-level 
analysis revealed that group performance was not related to the group’s overall ability in 
the classroom, but rather the immediate accuracy of their group conversations. Implica-
tions and limitations are discussed.

INTRODUCTION
The educational research community generally accepts that student-to-student dia-
logue supports increased content learning and reasoning skills. Several studies have 
supported this belief by demonstrating the power of small-group collaborative work 
(Johnson and Johnson, 2009; Pai et al., 2015; Larrain et al., 2018; Ruiz-Gallardo and 
Reavey, 2019; Hand et al., 2021). Yet not all studies of student-to-student dialogue 
uniformly show positive outcomes (Kuhn, 2015; Sfard, 2015), with significant varia-
tion in benefit having been noted (g = −0.95 to 1.83; Pai et al., 2015). These findings 
suggest that more nuanced factors in small groups should be examined to determine 
what drives productivity in small-group dialogue.

Many potential processes have been identified that can support and inhibit small-
group learning. Nokes-Malach et al. (2015) report on cognitive and social factors of 
influence. For example, tasks that can be accomplished individually do not require 
investment in others for success, so in these settings, the cognitive cost of coordinating 
between group members outweighs the benefit of the group. Also, simply having to 
wait one’s turn to speak or attending to others’ ideas can cause one to miss opportuni-
ties to retrieve information or ideas that are critical to making sense of a concept. 
Social factors such as uncommitted group members and fear that others will judge 
one’s ideas can also serve as inhibitors of productive discourse. Conversely, hearing 
others’ ideas can bring new insights that are unavailable to an individual, cue one’s 
inert knowledge, and correct one’s inaccurate ideas. Fundamentally, many of these 
processes described by Nokes-Malach et al. (2015) rest on the extent of energy invested 
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in collaboration. As such, one’s perception of benefit relative to 
cost of collaboration is important to consider when designing 
and carrying out group activities. While benefit to cost is ulti-
mately determined by the individual, we argue that many of the 
factors identified as influential to small-group collaboration 
indirectly or directly influence benefit relative to cost. In the 
following paragraphs, we highlight factors from previous stud-
ies at the individual and task level that influence perceptions of 
benefit and thus potential for committing to group work.

Slavin (1996) highlights the role that personal goals and 
perceptions of others play in one’s motivation to collaborate. In 
his review of research on cooperative learning, Slavin argues 
that if cooperation increases the potential to meet personal 
goals, students’ motivation for cooperation will be high. Our 
own work has shown that the potential benefit of cooperating is 
central to one’s willingness to invest in peers during science 
learning (Premo et al., 2018a). Thus, perceptions of peers mat-
ter. Perceived expectations, even when based on poor informa-
tion or bias (e.g., gender or racial stereotypes) have been found 
to be influential in groups (Grunspan et al., 2016). Friendship 
among group members and the degree to which one cares for 
group members can increase the extent and intent of coopera-
tion (Slavin, 1996; Berndt, 2002; Majolo et al., 2006). Simi-
larly, as shown in studies related to game theory, potential for 
reciprocity has also been found to influence the amount of 
investment a person is willing to make in group members 
(Nowak and Highfield, 2011). Personality traits also add to the 
benefit to cost ratio. Characteristics such as agreeableness, con-
scientiousness, and extraversion can make group work feel eas-
ier and are often valued in groups (Curşeu et al., 2019). Simi-
larly, related actions by group members such as speculative (as 
opposed to definitive) talk and creation of space for others to 
offer ideas have been found to support group productivity 
(Boyd et al., 2019). Such contexts can contribute to psycholog-
ical safety (Theobald et al., 2017; Van den Bossche et al., 2006) 
and subsequent risk taking with regard to sharing and challeng-
ing ideas in groups. Academic ability can also be viewed through 
a benefit to cost lens. The ideas available within a conversation 
can influence the amount of effort needed for cooperation. 
Therefore, being knowledgeable about the topic or having a 
knowledgeable group member can decrease cost and increase 
potential benefit for a student when choosing the extent to 
engage in science discussions.

Characteristics of the learning task can influence coopera-
tion. In general, it is important to seed interdependency among 
group members (i.e., reliance on others to accomplish one’s 
goals). This can be accomplished with a jigsaw structure (Aron-
son, 1978), by assigning discrete roles for students (Johnson 
and Johnson, 2009), introducing reward structures (e.g., 
friendly competition between groups; Webb, 1982; Slavin, 
1996; Sober and Wilson, 1999), and ensuring that the task is 
too complex for any individual to complete alone (Saleh and 
Large, 2011; Sears and Reagin, 2013). Other factors related to 
the task, such as clearly defined and shared goals (Sniezek and 
Henry, 1989; Scribner et  al., 2007; Van den Bossche et  al., 
2006), can increase the chances of group members moving in 
the same direction and reduces the potential to talk past one 
another. Ultimately, these individual and task characteristics 
affect motivation to cooperate, which importantly, can have 
downstream effects on the quality of the group interactions 

(Asterhan, 2018). For us, this is the fundamental pathway by 
which task structures and individual characteristics influence 
learning in small groups.

Epistemic Vigilance and Considering Others’ Ideas
We have outlined factors that have been shown to influence the 
quality of cooperation. We see these factors as indirectly (in the 
case of task-related factors) or directly (in the case of personal 
factors) influencing group members’ benefit to cost ratios. Fac-
tors influencing potential benefit are important, because think-
ing deeply about ideas is hard work; therefore, rich discussions 
related to target concepts require a considerable investment in 
both time and energy. This is particularly true in instances when 
group members have limited understanding of target concepts 
or when students are asked to synthesize across multiple data 
sources, as can be the case in science classes.

However, even when students’ benefit to cost ratios are 
favorable and they are committed to collaboration, there is 
potential for misinformation and miscommunication to reduce 
the effectiveness of collaboration. Misinformation may be due 
to the competence level of an individual, yet it is important to 
recognize that there is nearly always some level of misalign-
ment (in background knowledge, values, etc.) among members 
that can decrease the clarity of communication between them. 
Mercier and Sperber (2011) argue that we naturally defend 
against misinformation and miscommunication through the 
practice of epistemic vigilance. Epistemic vigilance includes the 
consideration of who is providing the idea (trust calibration) 
and how well the idea aligns with prior experiences and knowl-
edge (coherence checking). If an idea or information aligns 
with the receiver’s prior knowledge, acceptance offers little risk, 
so the idea is likely to be considered. However, the greater the 
incoherence with prior knowledge and experience, the greater 
the potential risk that these ideas are incorrect or false. For Mer-
cier and Sperber (2011), if there is incoherence with prior 
knowledge, then either trust in the sender must be sufficiently 
high or the incoherence of the message with prior knowledge 
needs to be reduced before an idea will be fully considered. 
Reduction in incoherence is what the sender attempts to do via 
well-reasoned and logical arguments.

In educational settings where students are asked to learn 
dialogically with peers, the consideration of ideas is paramount. 
This is because consideration of ideas is a precursor for concep-
tual change. One’s ideas cannot change without the initial con-
sideration of the new idea in relation to one’s current schema. 
Thus, idea consideration is where learning occurs. Cognitive 
processes such as cross-cueing, error correction, and increased 
availability of ideas and cognitive resources (Nokes-Malach 
et al., 2015) all occur as ideas are considered. Idea consider-
ation not only influences what and how knowledge is con-
structed by group members, but it also can feed back into the 
group by influencing the foci or direction of the group conver-
sation. This means that understanding student consideration of 
ideas, as communicated via the epistemic vigilance framework, 
may provide insights into optimizing group discourse during 
learning. The current study focuses on idea consideration to 
explore dynamics of group talk. First, the positive relationship 
between a student’s science accuracy during conversation and 
displays of idea consideration was tested. Second, both accu-
racy of a student and the idea consideration directed toward 
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the student were used to predict one’s ability to influence the 
topic of group conversation. It is hypothesized that higher lev-
els of both science accuracy and indicators of idea consider-
ation may privilege certain students in steering group dis-
course. Finally, the impacts of accuracy were examined at the 
whole-group level. Of central focus was whether learning is 
better predicted by the academic ability of a group (a lon-
ger-term group characteristic) or by the immediate scientific 
accuracy during group conversations. The answers to these 
questions provide insights into both factors that shape how 
group conversations occur as well as why some groups learn 
more than others in biology classrooms.

Context
Recently, we have worked to develop a strategy to support 
increased collaboration and subsequent learning of course tar-
get concepts that could be implemented by graduate teaching 
assistants (TAs) with little to no educational training. The con-
text of our work has been a modified jigsaw activity within a 
large-enrollment course-based undergraduate research experi-
ence (CURE) in introductory cell biology and genetics. The 
strategy requires students to work together using a jigsaw struc-
ture (Aronson, 1978) to respond to three questions targeting 
key aspects of the CURE near the conclusion of each lab session. 
The questions are examined during three phases of the task. In 
phase 1, each group of three to four students receives one ques-
tion to discuss and reach consensus. In phase 2, one person 
from each group forms a new group in which each member 
worked on a different question in phase 1. Each student leads 
the discussion of the question that student worked on in phase 
1. Group members are tasked with reaching consensus on the 
three questions. In phase 3, each phase 2 group writes their 
solutions to each of the three questions on the whiteboard. The 
TA then moderates a whole-class discussion to examine the sim-
ilarities and differences across groups to reach a scientifically 
acceptable solution to each question (for a more detailed treat-
ment of this design, see Premo et al., 2018b).

These phases were designed to increase the benefit of cooper-
ation. The goals of the task were clearly defined, and the jigsaw 
structure (Aronson, 1978) was designed to create interdepen-
dence and consensus seeking among group members—particu-
larly in phase 2 of the activity. Additionally, we created questions 
that were complex enough to have high likelihood of requiring 
collaboration for success. Complexity not only creates a need for 
collaboration, but also increases the likelihood of contrasting 
ideas being raised in small-group discussion—an established 
characteristic of academically productive talk (Howe, 2014). 
Further, the jigsaw activity was in the context of a CURE. There 
is some evidence that CUREs can increase students’ ownership of 
their learning and shared goals (Corwin et al., 2015), which we 
expected might also support greater benefit to cost for students. 
We expected that students would put more energy into advanc-
ing their own projects—including the cooperative aspects of 
their projects.

Despite trying to capture many influential task factors, our 
initial study (Premo et al., 2018b) found no clear and compel-
ling performance gains on 1-week delayed quizzes when com-
paring the intervention group with class sections that did not 
collaborate. In other words, we were unable to detect a positive 
group effect. We suspect that this could be a function of per-

sonal factors that were not strongly influenced by the task struc-
tures accounted for in the instructional strategy. For example, 
while CUREs allow for greater student ownership and decision 
making, increased ownership has been documented in class 
sections with small student enrollment (relative to our prior 
study), allowing for more individual attention and ability for 
personalization. Participants in our prior study and current 
work were students enrolled in a large-enrollment course (more 
than 500 students every semester) with higher levels of stan-
dardization than other CURE programs due to this large-enroll-
ment context. Due to this larger-scale structure with less per-
sonalization, students may continue to see the class as simply a 
requirement to be completed for their majors, thereby limiting 
their feelings of true ownership. Further, the lab sections of the 
large-enrollment introductory course are taught by TAs with 
limited pedagogical training. As with many novice teachers, 
some of the lab TAs are heavily concerned with classroom man-
agement, which can lead to a reduction in the autonomy and 
therefore ownership of groups and individual students. So, 
while many of the structures of the course and task hold poten-
tial to support positive group effects, the structures do not guar-
antee gains.

In the initial study, we were unable to directly control for 
personal factors while maintaining an appropriate level of eco-
logical validity for the given context (e.g., effective tracking of 
student motivation during the task, perceived reciprocity, or 
goal orientation during the task). While it is challenging to 
measure personal factors in real time, analyzing student-to-stu-
dent talk could highlight the extent to which students consid-
ered one another’s ideas (i.e., coherence checking) and the 
nature of group dynamics, which are influenced by personal 
factors. Thus, analyzing idea consideration and group dynamics 
could provide insights into how learning is negotiated among 
group members in collaborative activities and, in doing so, 
inform considerations for successful group collaboration in the 
future. The current study sought to better understand how indi-
viduals engage with one another by using video and audio 
recordings of student groups from an introductory undergradu-
ate cell biology laboratory course. In particular, we were inter-
ested in understanding the extent to which student idea consid-
eration aligned with accuracy (as predicted by epistemic 
vigilance) and the potential role of these constructs in deter-
mining differential impact that some students might have in 
shaping group discussions. These goals shaped the following 
research questions:

RQ1. �Is there a relationship between a student’s science accu-
racy and the amount peers consider the student’s ideas?

RQ2. �Does peer consideration of a student’s ideas predict the 
student’s ability to influence the direction of the 
conversation?

As a follow-up to these questions, we broadened our focus to 
the group level. If results of RQ1 and RQ2 aligned with our 
hypothesis that students dynamically adjust the extent of idea 
consideration based on accuracy, this would result in differen-
tial ability of some students to shape how conversations 
unfolded. Yet does this difference in ability to steer the conver-
sation really matter in terms of student performance? A com-
mon perception is that group gains are often a function of a 
knowledgeable individual simply dispensing knowledge to 
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group mates. Yet our own previous work (Cavagnetto et al., 
2020; Premo et al., 2018b, 2021) as well as other studies (Bar-
ron, 2003; Kuhn, 2015; Howe and Zachariou, 2019) point to a 
more complex mechanism of action. These studies suggest that 
group members do not simply learn more because they have 
greater academic ability, but rather members build their under-
standing through negotiation (via cross-cueing, error correc-
tion, re-exposure, exposure to diverse ways of thinking about 
the problem, and/or increased engagement; for a comprehen-
sive summary, see Nokes-Malach et  al., 2015). Our third 
research question was designed to provide some insight into 
which of these two broad mechanisms (ability or conversational 
dynamics) was at work in this context. Thus, the third research 
question was:

RQ3. �Does general group academic ability or immediate con-
versational accuracy better predict group learning?

METHODS
Participants
Eighteen students enrolled in a university-level introductory 
biology course consented to have their group work audio- and 
video-recorded at two time points as part of the study. Of these 
18, 14 participants identified as female and 14 were Caucasian. 
All but two participants were science majors, but student prog-
ress in their programs of study varied. Seven participants were 
sophomores and seven were juniors. The remainder included 
one freshman, one senior, and two postbaccalaureate students. 
When taken together, most participants were Caucasian females 
in the middle years of their degrees. The sample was conve-
nient—that is, reliant on volunteers who attended the lab ses-
sions and completed all questions sets and subsequent quizzes. 
As such, the sample was not fully representative of the class. 
While demographics across semesters vary, our sample had 
slightly inflated representation of female (77%) and Caucasian 
(77%) students (∼65% female and 65% Caucasian per semes-
ter). Postbaccalaureates also were elevated in the sample.

Setting and Data Collection
The current study was part of a larger project that integrated 
question sets designed to support student understanding of 
the theoretical underpinnings of a semester-long course-based 
research experience, the SEAPhages program (Staub et  al., 
2016). Students have historically completed the technical 
aspects of the lab without taking much time to reflect on the 
theory behind their actions in the lab. Therefore, reflective 
question sets were integrated into the lab with the goal of get-
ting students to think more deeply about concepts and prac-
tices that both the course instructor and lab TAs had identified 
as needing further support. The integrated question sets began 
the fifth week of the semester. Students completed a total of 9 
weeks of question sets addressing the following themes: eval-
uating a scientific paper (week 5), phage–bacteria interactions 
(week 6), experimental design (week 7), experimental trou-
bleshooting (week 8), phages as biological tools (week 9), 
experimental replication (week 10), serial dilutions (week 
11), plagiarism in scientific writing (week 12), and DNA isola-
tion from phages (week 13). Video and audio recordings of 
students working together in groups of three to four were col-
lected during 2 of the 9 weeks and are the focus of this study. 

Recordings were collected week 6 (Phage and Bacterial Inter-
actions) and week 9 of the semester (Phages as Biological 
Tools). It is important to note that group members did vary 
between these weeks based on where students chose to sit for 
the activity.

Redundant recording devices were used to capture student 
talk due to the high volume and overlap of conversations. Each 
group was recorded by their own video camera and an audio 
recording device that was placed between the two middle seats 
of each lab table. Each audio recorder (one per group) had two 
directional recording microphones and an additional two direc-
tional microphones that were wired and placed facing inward 
from the outside of the outermost group members at each table 
to best capture group conversation. After collection, each audio 
file was merged with the corresponding video file to allow iden-
tification of individuals speaking . Then each file was cut down to 
only include conversation from the first to the last talk turn of 
science discussion related to the question sets to allow us to con-
sistently track time for various characteristics of the talk. This 
was important, as the audio/video recorders needed to be started 
at different times based on the needs of the instructor. After cut-
ting excess recording, the remaining files were professionally 
transcribed. Once files were transcribed, an author (J.P.) went 
through each transcript to do the following: 1) correct any terms 
incorrectly transcribed (many terms were science specific and not 
always picked up correctly by transcribers), 2) watch the video to 
remove any section of conversation picked up by a recording that 
came from another group, and 3) make sure that each talk turn 
in the transcript was an individual speaker, because at times 
during the transcription process, contributions from multiple stu-
dents could be inadvertently fused into a single talk turn.

Each student completed a delayed postdiscussion quiz cov-
ering the material from the prior week’s question set (1-week 
delay for week 6 and a 2-week delay for week 9 due to a univer-
sity holiday). Quizzes were a minimal part of the overall course 
grade. Each quiz was worth 2 points and included three ques-
tions that needed to be answered (corresponding to at least two 
of the reflective prompts from the previous week’s discussion). 
Answers were scored in 0.25-point or 0.5-point increments 
(depending on the question) by the lab instructor (see Table 1 
for example materials). The quiz scores assessing both week 6 
and week 9 question sets were used as performance outcomes 
in the current study.

Coding and Analyses
Coding of student discourse focused on the talk turn level. A 
talk turn was defined as an uninterrupted instance of talk by an 
individual student in the group (similar to Barron, 2003). 
Video recorded groups were analyzed using an a priori designed 
coding scheme that sought to identify talk turns that indicate 
idea consideration toward a peer in a group, as well as accu-
racy of science ideas, use of evidence/justification, and on-task 
orientation of each student. Additionally, we examined the rel-
ative impact that each peer had in the conversation (via contri-
butions that shifted conversation). Table 2 illustrates the codes 
used in this study and Table 3 provides an example of code 
application. A total of 514 talk turns were identified during all 
the group interactions (Mgroup = 42.8) and lengths of effective 
group work (defined as a group’s first instance of science 
discussion to their last) ranged between 5 and 15 minutes. 
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After group conversations were transcribed and talk turns 
identified, both the third and fourth authors coded every talk 
turn independently for each category. There was strong agree-
ment between both coders for science accuracy (Cohen’s kappa 
[k] = 0.87), idea consideration (k = 0.84), and on/off task (k = 
0.97) and moderate agreement for conversational flow (k = 
0.61). The individual toward whom indicators of idea consid-
eration was directed was established by the two coders using 
both the transcripts and visual examination of video data. 
These were confirmed by the third coder (J.P.). Initially codes 
for evidence of mistrust and evidence/justification provided were 
included in the scheme, but both were dropped due to low 
frequency across student groups making them unusable with-
out a more substantial sample size. All coding disagreements 
were resolved through discussion to generate the final data set 
for quantitative analysis.

The level of analysis differed across the research questions. 
Addressing both RQ1 and RQ2 required analysis at the individ-
ual level. Therefore, code frequencies were summed for all par-
ticipants across both recorded sessions to answer RQ1 and RQ2. 
This served to provide an overall view of a student’s science 
accuracy, idea consideration, and conversational flow. In con-
trast, RQ3 examined properties of student groups to provide 
insight into factors during group conversations that we hypoth-
esized would be related to learning. In other words, RQ3 was 
interested in group-level idea accuracy versus academic ability 
in predicting student learning. The accuracy code was summed 
at the group level for the analysis and correlated to both group 
average academic ability and average quiz score. Relationships 
between codes were calculated using Pearson’s correlations 
(RQ1), while multiple regression was used in instances where 
statistical control of additional variables was necessary (i.e., total 

TABLE 1.  Example of materials

Intervention question set Quiz prompt Scoring rubric

1.  One application of phages is to quickly detect the presence of 
food-borne pathogenic bacteria in food. As an example, a 
microbiologist working for Chobani takes two batches of 
yogurt off of the production line. She suspects that one 
yogurt sample is contaminated with Listeria, a common food-
borne pathogen, while the other one may or may not be 
contaminated.

    A. � The scientist takes an extract from the contaminated 
yogurt sample and adds 1000 Listeria-specific virus 
particles. After shaking and incubation for a day, what 
will happen to the number of phage particles in the 
sample? Why? Is this experiment selective for Listeria or 
could other bacteria lead to false-positive results?

    B. � Based on your answer to Part A, how could the scientist 
tell if the second yogurt sample was contaminated with 
either Listeria or with E. coli, another potentially 
pathogenic bacterial species?

A food scientist is working for a dairy 
farm, and she suspects that a 
dangerous strain of E. coli may 
have contaminated a batch of 
milk. Describe an experiment that 
would allow the scientist to 
quickly and selectively screen for 
the presence of E. coli.

Set up a plaque assay (or spot test) 
with bacteria from the milk as the 
host and a phage known to infect 
E. coli. Plaques would indicate 
presence of the E. coli in the milk 
[0.5 points]

2.  Phage therapy is an alternative to antibiotic treatment for 
bacterial infections. In phage therapy, phages specific to 
pathogenic bacteria are delivered to the site of an infection 
(e.g., on wound dressings, by oral ingestion, through an IV).

    A. � One side effect of antibiotic treatment is that these 
chemicals kill many beneficial bacteria in the human gut. 
Why might phage therapy, for example, to combat a 
Listeria infection in the gut, be superior?

    B. � One problem with antibiotics is that they are typically 
unstable and quickly degrade in the body, resulting in the 
need for frequent, high doses during treatment. What 
advantage would phage therapy have over antibiotic 
treatments in this respect?

2. Phage therapy has been shown to 
have advantages over traditional 
chemical antibiotics.

    A. � What is one reason that 
Salmonella phages may be 
preferred over chemical 
antibiotics to treat a Salmo-
nella infection in the human 
gut?

    B. � How many doses of Salmo-
nella phages would a doctor 
need to supply, in theory, if a 
patient came in with a 
Salmonella infection? Compare 
this to the standard, 5- to 
7-day course of antibiotics that 
are normally used.

A. Phage treatment is specific for the 
species of bacteria causing the 
problem. [0.25 points]

Antibiotic treatment will kill other 
bacteria that are useful to the 
patient. [0.25 points]

B. In theory, a single phage treatment 
is sufficient (assuming the phage 
population maintains itself long 
enough to eliminate most of the 
infectious bacteria). A variety of 
answers allowed as provided by 
instructor to TAs.

3.  Leuconostoc is a type of bacteria that is used widely in food 
fermentation, including during the production of wine. Many 
reports have surfaced of phages negatively influencing wine 
making by killing Leuconostoc bacteria.

    A. � Discuss with your partners if you think either lytic, 
lysogenic, or both types of phages would have a major, 
negative impact on wine making.

    B. � How could wine makers reduce their chances of losing 
Leuconostoc bacteria during wine making?

N/A. Quiz did not target this prompt. N/A
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number of talk turns or academic ability; RQ2). Finally, due to 
the presence of a smaller sample size at the group level (n = 12) 
nonparametric correction (Spearman’s rho) was used for exam-
ining group-level correlations in RQ3.

RESULTS
Results to each research question are provided here. We begin 
with a summary table (including research questions, variables, 
analyses, results, and conclusions; see Table 4) and then high-
light the results of each research question in sequence.

RQ1: Is There a Relationship between a Student’s Science 
Accuracy and the Amount Peers Consider the Student’s 
Ideas?
To determine whether there was a relationship between a stu-
dent’s science accuracy and the idea consideration the student 
receives from peers, we examined the relationship between the 
amount of scientifically accurate statements made by a student 
and the number of indications of idea consideration directed 
toward that student (sum of agreement, peers soliciting ideas 
from the student, and peers building off the student’s ideas). 
Pearson’s correlation results showed a strong correlation 
between these codes (r = 0.70, p < 0.01), indicating that the 

amount of idea consideration a student receives is highly asso-
ciated with that student’s science accuracy (Figure 1).

There are two alternative factors that may account for this 
relationship. First, the total amount of talk turns expressed by 
the student may be influential. Talking more during a group 
conversation may increase the likelihood that one receives idea 
consideration (i.e., you are more likely to have someone agree 
with you the more ideas you offer) and one’s science accuracy 
(i.e., the more ideas you put forth, the more likely you will pro-
vide an accurate idea). To account for this potential, we used 
multiple regression to examine whether science accuracy pre-
dicts idea consideration when statistically controlling for the 
total amount of talk turns by the student. Regression results 
showed that both science accuracy, b = 0.18, t(17) = 3.45, p < 
0.01, and total talk turns, b = 0.37, t(17) = 2.52, p < 0.05, 
simultaneously predicted significant variance in idea consider-
ation received by a student (R2 = 0.68). These results suggest 
that science accuracy is predictive of the idea consideration one 
received even when controlling for total amount of talk.

Second, students may have been using external cues about a 
peer’s academic ability to judge the extent to which they should 
consider that peer’s ideas. Participating students had been in 
the same classroom for several weeks, and grades were a 

TABLE 2.  Code descriptions

Code Descriptiona

Science accuracy Code designed to track the accuracy of statements made by group members. It includes talk turns that are 
scientifically Inaccurate, a mix of Both accurate and inaccurate information, and scientifically Accurate.

Idea consideration Code designed to track the extent to which students’ ideas are considered by their group members. It includes 
talk turns reflecting Agreement (also includes praise and affirmation), Soliciting Ideas (direct solicitation of an 
idea from another student, and Idea Building (expanding on a previous talk turn).

Direction of idea consideration Code designed to track which students’ ideas were considered. The student ID number of the idea is denoted.
Conversational flow Code designed to identify points in the dialogue in which the direction of the conversation changes to a new 

topic. These points occurred when a New Idea was raised that shifted the conversation and when a student 
made Reference to Materials that resulted in a change in the topic of conversation.

On/off task Code designed to track the amount of conversation that was dedicated to the task (On) and the amount of 
conversation that did not focus on the task (Off).

aItalicized words in the description are those used in the coding (see Table 3 for an example).

TABLE 3.  Example of coding scheme application

ID Talk turn Accuracy
Idea 

consideration
Direction of 

consideration
Conversation 

flow
On/off 

task

15 Um, centrifuge. Wait isn’t centrifuge like a type of filter? Accurate New Idea On
16 No it’s the one where they spin it around to get all the solids 

distilled.
Accurate Idea Building 15 On

15 Oh, okay. Oh so it separates the… Accurate Idea Building 16 On
16 Separates the liquid and the solid particles? Accurate Idea Building 15 On
6 Yeah, so why do they do it? Agreement & 

Soliciting 
Ideas

16 New Idea On

16 Uh, the, phage is less dense than water. Accurate On
6 So the phage will be solid. Both Idea Building 16 On
16 Or separate at least. They’ll separate the solids, the bacteria, and 

the water into layers, the phage, centrifuges all of them.
Accurate On

6 And then they can filter it? Soliciting Ideas & 
Idea Building

16 New Idea On

16 Then they can filter it. On
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common topic of student discussion both before and following 
their completion of the study’s activity. To investigate this 
potential, student academic ability in the course (indicated by 
final semester percentage grade) was added into the regression 
model predicting idea consideration (before adding total talk 
turns and accuracy into the model). Academic ability did not 
significantly predict idea consideration displayed toward a stu-
dent either by itself or in the more comprehensive model. Thus, 
academic ability was removed, allowing the most parsimonious 
model (reported earlier) to be adopted. Together, these results 
support that a student’s science accuracy and number of talk 
turns together were able to predict most of the variance (68%) 
in the idea consideration that student received from peers.

RQ2: Does Peer Consideration of a Student’s Ideas Predict 
the Student’s Ability to Influence the Direction of the 
Conversation?
Having established that there was a significant relationship 
between a student’s accuracy and the idea consideration the 
student received, our next question was whether idea consider-
ation and accuracy were able to predict a student’s ability to 
influence the direction of group discussion. To address this 
question, we examined the relationships between science accu-
racy, idea consideration, and conversational flow codes per stu-
dent. Results showed that all three factors were highly cor-
related. Multiple regression was then used to assess the extent 

to which science accuracy and idea consideration could predict 
one’s ability to steer the conversation (conversational flow). 
When regressed separately, peer consideration of a student’s 
ideas predicted only slightly more variance in a student’s ability 
to impact conversational flow, b = 0.46, t(17) = 3.63, p < 0.01, 
R2 = 0.42, than did science accuracy, b = 0.42, t(17) = 3.60, 
p < 0.01, R2 = 0.41. Yet when simultaneously regressed on con-
versational flow, only science accuracy, b = 0.15, t(17) = 2.27, 
p < 0.05, but not idea consideration, b = 0.08, t(17) = 0.39, 
p = 0.70, significantly predicted variance in a student’s ability to 
direct the conversation (conversational flow).

To further examine the potential of peer idea consideration 
to predict one’s ability to influence the direction of the conver-
sation, we then examined whether any of the subcategories of 
the idea consideration code (explicit agreement, question ask-
ing, or idea building) were uniquely predictive of conversa-
tional flow alongside science accuracy. When each of the sub-
categories were separately entered into the model, it was 
found that only idea building (the number of times a student 
had ideas built upon) predicted significant additional variance 
in a student’s impact on conversational flow. Thus, the optimal 
model included both science accuracy, b = 0.27, t(17) = 2.46, 
p < 0.05, R2 = 0.40, and idea building, b = 1.13, t(17) = 2.88, 
p < 0.05, R2 = 0.20, which together predicted 60% of the vari-
ance in conversational flow among the students. These results 
indicate that, while science accuracy is highly related to idea 

TABLE 4.   Summary of research findings

Research question Variables Analyses Results Conclusions

Is there a relationship 
between a student’s 
science accuracy and the 
amount peers consider 
the student’s ideas?

Science accuracy code
(accurate), idea consideration 

codes (sum of agreement 
codes, soliciting ideas, and 
idea building), students’ 
final semester percentage 
grades, total talk turns

Pearson correlation
Multiple regression

r = 0.70, p < 0.01
Academic Ability (p > 

0.05) was removed 
from the model. 
Science accuracy, b = 
0.18, t(17) = 3.45, p < 
0.01, and total talk 
turns, b = 0.37, t(17) = 
2.52, p < 0.05, 
predicted idea 
consideration 
(R2 = 0.68).

A student’s science accuracy 
is highly correlated with 
peer consideration of the 
student’s ideas.

A student’s science accuracy 
is predictive of the idea 
consideration the student 
receives, even when 
controlling for total 
amount of talk.

Does peer consideration of a 
student’s ideas predict the 
student’s ability to 
influence the direction of 
the conversation?

Science accuracy code 
(accurate), idea consider-
ation codes (agreement, 
soliciting ideas, & idea 
building), and conversa-
tional flow codes (new 
idea & reference to 
materials)

Multiple regression Science accuracy 
predicted conversation 
flow. The sum of idea 
consideration codes 
did not. Optimal 
model included 
science accuracy, b = 
0.27, t(17) = 2.46, p < 
0.05, R2 = 0.40, and 
idea building, b = 
1.13, t(17) = 2.88, 
p < 0.05, R2 = 0.20.

Accuracy was the best predic-
tor of one’s ability to 
influence the direction of 
the conversation. 
Providing an idea that 
peers could be built upon 
predicted additional 
ability to direct the 
conversation.

Does general group academic 
ability or immediate 
conversational accuracy 
better predict group 
learning?

Group average academic 
ability (average semester 
grade), number of accurate 
statements per group 
(accurate code), average 
quiz score per group

Spearman’s rho 
correlation

Average academic ability 
of a student group 
(ρ = –0.25, p = 0.44) 
did not predict quiz 
performance. Science 
accuracy (ρ = 0.58, 
p < 0.05) predicted 
quiz performance.

Accuracy within the 
conversation predicts 
performance, while 
academic ability does not 
determine success.
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consideration, one’s accuracy appeared to be the best predic-
tor of ability to influence the direction of the conversation. Yet 
providing an idea that peers could meaningfully build upon to 
further the conversation (i.e., idea building) predicted addi-
tional ability to direct the conversation. Importantly, the rela-
tionship between science accuracy and influence on conversa-
tion direction was not because the student dominated the 
conversation. As seen in Figure 2, all groups had multiple 
actively contributing members. Only one group had a single 
individual contribute more than half of the talk turns in the 
discussion.

RQ3: Does General Group Academic Ability or Immediate 
Conversational Accuracy Better Predict Group Learning?
A common perception among instructors is that a single individ-
ual can dramatically enhance or reduce the effectiveness of all 
group members in small-group learning activities. We have 
heard from many science faculty members who have expressed 
the concern that if one group member has a misconception, the 
misconception may be propagated throughout the group. In 
other words, group members may be “infected” with the mis-
conception. Results from RQ1 and RQ2 suggest that this con-
cern may not be a common occurrence. Idea consideration is 
related to science accuracy, and both idea consideration and 
accuracy relate to an individual student’s ability to impact 
group discussion. Yet does this ability to direct the conversation 
have positive implications for overall group learning? For exam-
ple, if a student leader differentially impacts the direction of the 
conversation by supplying more accurate ideas, does this help 
the group as a whole? To answer this question, we focused on 
whether groups’ overall academic ability in the course or con-
versation-specific accuracy (their total number of accurate 
statements during the small-group activity) correlated most 
strongly with group learning. Due to a small sample size at the 
group level (n = 12), data nonnormality was present, support-
ing the use of Spearman’s rho to examine these relationships.

Results showed that there was no significant relationship 
between group performance on the quizzes and the average 
academic ability of a student group (ρ = −0.25, p = 0.44). In 
contrast, there was a significant relationship between group 
performance on the quizzes and science accuracy within their 
conversations (ρ = 0.58, p < 0.05). This difference aligns with 
past findings that group ability does not always determine 
group success (Barron, 2003) and suggests that how group dis-
cussion occurs may be the critical factor.

DISCUSSION
Classroom environments centered on 
peer–peer discourse have the potential to 
promote greater student learning in sci-
ence, but this potential does not guarantee 
learning gains. This study sought to inves-
tigate the intersection between factors 
that may play a role in how conversations 
unfold in student groups and the relation-
ships these factors have to assessment 
performance. We specifically investigated 
student small-group interactions to under-
stand how peer consideration of students’ 
ideas and students’ science accuracy pre-
dicted their ability to influence the direc-
tion of conversation. Given results show-
ing relationships between these factors, 
we then examined how both within-con-
versation accuracy and academic ability 
influenced group performance on delayed 
content-related quizzes.

Results of the study suggest that coher-
ence checking was an active part of how 
students chose to engage in ideas within 
group discussions and that this process 
is related to the ability of students to 

FIGURE 2.  The distribution of talk turns per group. Groups had four members, except for 
those groups marked with an asterisk (*), which had three members.

FIGURE 1.  The relationship between the number of scientifically 
accurate talk (accuracy) turns provided by a student and the idea 
consideration displayed toward that student (r = 0.70, p < 0.01). 
Note that the strength of this relationship was only slightly 
decreased (r = 0.69, p < 01) with the removal of the more extreme 
data point on the far right of the graph.
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influence the direction of the conversation. Specifically, results 
for RQ1 showed that the accuracy of statements provided by 
students was highly related to the extent to which students’ 
ideas were considered by their peers. This finding contrasts the 
common concern that misconceptions held by a student in a 
group are likely to be propagated across group members. If stu-
dents were basing their decisions upon student reputation or 
alternative factors outside the conversation, we would not see a 
relationship between accuracy and consideration of ideas. 
Given that the correlation is strong, we believe this suggests 
that consideration of ideas was primarily based upon students’ 
checking the coherence of an idea with their own background 
knowledge and other information available in the task materials 
(i.e., coherence checking). This conclusion is further supported 
by the finding that science accuracy remained a significant indi-
cator of idea consideration even when controlling for potential 
confounding variables (total talk and academic ability of the 
student).

Student accuracy was also found to predict a student’s abil-
ity to influence the direction or topic of conversation. Students 
who provided more accurate statements had a greater influence 
on the topics discussed by their groups. Interestingly, this was 
not because they dominated the conversation. All groups had 
multiple actively contributing members. Only one group had a 
single individual contribute more than half of the talk turns in 
the discussion. The idea that one student is not dominating the 
conversation is further supported by the finding that the ability 
of peers to build off their ideas was an additional factor that 
accounted for students’ ability to direct conversation. Thus, in 
part, a student’s ability to present ideas that teammates could 
build upon supported a student’s ability to direct conversations. 
From RQ2, we can also conclude that students do not appear to 
be blindly following the highest-achieving student(s) in the 
group, as student academic ability was not predictive of ability 
to direct group conversation.

In RQ3, we investigated whether group academic ability or 
within-discussion accuracy predicted learning gains as mea-
sured by delayed (1-week and 2-week postdiscussion) quizzes. 
Accuracy of within-discussion statements predicted group per-
formance, while group academic ability did not. This finding 
supports previous studies that have found relationships between 
the number of accurate contributions and performance (Chiu, 
2008a,b). One might conclude that, when group members are 
subject to more accurate statements, they are more likely to 
recall those ideas on the related quiz. We raise some skepticism 
concerning this simplistic explanation for two reasons. First, 
simple exposure to an idea does not readily lead to successful 
transfer on a quiz delayed 1 or 2 weeks (Haskell, 2001). Sec-
ond, we would argue that the explanation does not capture the 
complexity involved in student sense-making. Instead, it seems 
to rely on a tabula rasa version of learning that has long been 
debunked (National Research Council, 1999). While we 
acknowledge that exposure may help with recall, students 
interpret new ideas considering their prior knowledge and 
experiences. As such, we see overreliance on exposure diverting 
attention from other mechanisms, such as cueing inert knowl-
edge and raising alternatives that challenge misconceptions 
(Howe, 2014; Nokes-Malach et al., 2015).

Taken together, the findings of the current study show evi-
dence that what happens during group discussions is key to 

student learning gains. Students are evaluating the merit of 
ideas put forth by group members. Students are not commonly 
making decisions based on the perception of others, but rather 
on the coherence of the ideas with their prior knowledge and 
the information available within the task. We see this finding as 
important, because it offers solid evidence that the risk of mis-
conceptions being propagated within a group is low.

These findings offer important implications for university 
science instructors. First, considering the strong relationship 
among frequency of accurate statements and overall group per-
formance, group constituency is important. Demographic vari-
ables such as race and gender have been shown to influence 
group dynamics, including whose ideas are given priority 
(Grunspan et al., 2016; Schnittka and Schnittka, 2016; Graham 
and Echols, 2018). This study extends the findings of group 
constituency to include optimizing scientifically accurate state-
ments within groups. Yet how can accuracy be optimized within 
groups? If one views that group accuracy arises from the sum of 
accuracy of each individual group member when they enter the 
group, then methods that predispose groups to be accurate 
before the conversation (e.g., manipulating group composition 
or preparation) are most appropriate. But results from the cur-
rent study indicate that group science accuracy was not simply 
driven by student accuracy coming into the conversation. 
Rather, groups were able to functionally filter through contribu-
tions of members toward those that were more accurate and 
thus more likely to further the group’s ability to effectively com-
plete the assigned task. This in-the-moment filtering of ideas 
(coherence checking) resulted in more-accurate individuals 
being able to differentially shift the conversational focus. The 
results for RQ2 suggest that the ability to shift the direction of 
conversation was at least in part a function of peers’ abilities to 
build upon the accurate ideas. This finding broadens instructor 
consideration of group constitution to also include consider-
ation of resources available for coherence checking.

The results also suggest that it is important to support the 
processes by which groups are considering the ideas put forth 
by their members. As previously indicated, consideration of 
ideas may be influenced by demographic variables. Yet the 
task-related resources available for idea consideration are also 
very important. Focusing on the resources available before or 
during the task to support coherence checking of ideas may be 
particularly effective due to the limited time faculty have to 
work with students in class. For example, an important question 
to consider is “Do students have sufficient resources available to 
check the coherence of the likely ideas put forth by group mem-
bers?” Inherent in this question are other valuable questions to 
consider, such as “What exactly is the learning target for the 
activity?,” “What are commonly held misconceptions?,” “How 
do novices tend to think about the science topic?,” and “What 
information should be supplied either before class or during the 
task that will allow students to evaluate various ideas?” Simi-
larly, instructors might consider whether groups understand 
how to systematically solve problems. Brief cues that allow the 
group to focus on coherence checking may be needed. For 
example, “What information related to the task is known?,” 
“What is unknown?,” “What are possible solutions to the 
unknown?,” “What known information is relevant to evaluating 
the possible solutions to the unknown?,” and “How does the 
provided information support or refute our various ideas about 
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the unknown?” can serve as prompts to organize the discussion 
toward coherence checking.

Examination of resources for coherence checking should also 
consider what information is not required. Providing students 
with too much information can unnecessarily influence cogni-
tive load, thereby reducing the potential for effective coherence 
checking (Chandler and Sweller, 1991). We recognize that the 
ability to filter through denser conceptual material and multiple 
ideas is a skill we want to foster in students. Yet this is a more 
expert-oriented skill that may not be most appropriate for stu-
dents early in their undergraduate careers. Instead, allowing 
students to work through ideas without this additional cogni-
tive load may allow more cognitive resources to be dedicated to 
the coherence-checking process. Furthermore, students (and 
instructors) may benefit from making the coherence-checking 
process more visible. Encouraging students to think aloud or on 
paper about how different ideas align with their current under-
standing and the understanding of those around them may be 
pertinent to this effort, given past results supporting the impor-
tance of student metacognition (Donker et al., 2014).

Finally, we believe the findings serve as a reminder that 
small-group work requires time. Time is always an issue in sci-
ence instruction as instructors strive to cover large amounts of 
science content, but coherence checking requires sufficient time 
for students to leverage their background knowledge and task 
resources provided. Therefore, instructors should not overlook 
the amount of time required for any small-group activity. When 
instructional planning conflicts arise due to time constraints, 
we suggest limiting the learning targets to those manageable 
within less time over maintaining the same learning targets and 
expecting students to move through them at a faster pace. The 
latter path not only increases student cognitive load but also 
may interfere with the coherence-checking process, because 
students feel pressure to accept ideas and move to the next sec-
tion of the task.

LIMITATIONS AND IMPLICATIONS FOR FUTURE 
RESEARCH
Studies of student-to-student dialogue are challenging under-
takings. Quantitative studies of dialogue are particularly chal-
lenging because of sample size issues. This study, most notably 
RQ3, suffers from limited sample size at the group level. This is 
a limitation that could be addressed in future studies by draw-
ing on participants with greater diversity in background experi-
ences and cultures. Second, as demonstrated in the literature 
reviewed earlier, there are myriad factors that influence dialogic 
interactions. We attempted to account for some of these factors 
(e.g., academic performance, total amount of student talk), but 
were unable to systematically account for others (e.g., concep-
tions of others). In this study, we were interested in coherence 
checking—the extent to which ideas were assessed for accuracy. 
We did not measure this directly, but rather did so by looking at 
indicators of idea consideration such as agreement, idea build-
ing, and direct solicitation of ideas. We acknowledge that codes 
such as agreement and direct solicitation of ideas could also be 
influenced by social factors such as friendship (Majolo et al., 
2006). Similarly, we do not know for certain whether students 
recognize the accuracy of the statements in the moment or if 
they are cued by other factors embedded within the talk utter-
ance (e.g., confidence). Future studies might develop methods 

to rule out some of these extraneous factors or attempt to look 
at the interaction effects of multiple factors. For example, it 
would be appropriate to examine the role of accuracy and idea 
consideration among groups with targeted group constitution 
(e.g., various gender constituencies). Finally, in the current 
study, we did not consider the role of justification in peer idea 
consideration. In some of our recent work, we found that justi-
fication of ideas is a critical characteristic of discourse that dif-
ferentiates higher- and lower-performing groups (Premo et al., 
2021). It may be that justification of one’s ideas is more likely 
when they are accurate and that justification may be mediating 
the relationship between accuracy and idea consideration. That 
is, one is more likely to consider and successfully evaluate ideas 
that are justified, because the reasoning is more explicit. This 
should be addressed in future work seeking to examine addi-
tional mechanisms that may cue students to either consider or 
reject an idea presented by a peer.
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