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Undergraduate mathematics tutoring centres are prevalent in many countries; however, there
is limited research-based evidence on effective organizational structures for these centres. In
this study, we consider two research questions. First, how can the quantitative and qualitative
data from 10 mathematics tutoring centres be organized for research purposes? Second, what
hypotheses do expert mathematics tutoring centre leaders generate about characteristics of
effective centres given data from a sample of ten centres? We collected quantitative data from
over 26,000 students taking mathematics courses at ten institutions. Data collected included
college entrance exam scores, high school grade point average, number of student visits to
the centre per eligible student and course letter grade. We used exploratory data analysis to
look for relationships between visits to the tutoring centre, student grades and other variables.
Qualitative centre characteristics that were considered include: specialist–generalist tutoring
system, tutoring capacity, physical layout, relationships between tutors and mathematics
instructors and extent of tutor training. We used the Delphi process to generate testable
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2 C. BYERLEY ET AL.

hypotheses from the data, such as the following: (1) The more courses a tutor is responsible
for tutoring the more likely it is that the tutor will struggle to answer student questions, when
the difficulty level of the courses is roughly the same. (2) Centres with more specialized tutor
models have more visits per student than centres with generalized tutor models. The preceding
two hypotheses, along with the other generated hypotheses, have been identified by the experts
participating in this study as plausible based on professional experience, exploratory data
analysis and inferences based on prior research on tutoring. This study has not rigorously
shown the validity of these hypotheses; rather it lays the groundwork for future investigations
to determine what combination of features characterize an effective tutoring centre.

1. Introduction
A mathematics tutoring centre (often referred to as a tutoring centre or just centre when mathematics
tutoring is clear from context) is ‘a place on a university campus where students enrolled in a mathematics
course can get optional out-of-class resources to support their learning’ (Mills et al., 2020, p.3).
Mathematics tutoring centres, also called mathematics support centres by some, are extremely common
in the Republic of Ireland, the UK, the USA and Australia (MacGillivray & Croft, 2009; Johnson &
Hanson, 2015; Cronin et al., 2016; Grove et al., 2020). We define tutors as individuals who provide
unstructured out-of-classroom help to students typically in a centre. Despite the prevalence of tutoring
centres in many countries and a large body of literature on characteristics of effective tutoring practices
(Schoenfeld et al., 1992; Graesser & Person, 1994; Chi, 1996; Lepper & Woolverton, 2002; Ryals
et al., 2019), there is limited research-based evidence on effective tutoring centre organizational
structures (Matthews et al., 2013; Mills et al., 2020). Mills et al. (2020) noted that tutoring centres in the
USA ‘vary a great deal in their practices, resources and organizational structures’ (p. 1). Increasingly,
calls have been made to further examine the effectiveness of tutoring centres in order to understand centre
best practices (Moore-Russo et al., 2018; Lawson et al., 2020; Mills et al., 2020).

Much of the existing research on tutoring centre effectiveness has focused on metrics such as number
of visits (Berkopes & Abshire, 2016) and does not give research-based insight into what made the centre
effective. There are a few studies that offer evidence that tutoring centre visits have a positive effect
on student success while controlling for other variables (Xu et al., 2001; Berry et al., 2015; Byerley
et al., 2018; Rickard & Mills, 2018; Rylands & Shearman, 2018; Jacob & Ní Fhloinn, 2019; Mullen
et al., 2021). Since each of these studies was conducted at single institutions, it is difficult to know what
contributed to their effectiveness. We are interested in knowing more than if (and to what degree) a
tutoring centre is effective; we are also interested in the relationship between a centre’s organizational
structure and its effectiveness.

Our investigation of the relationship between organizational structure and success took place over a
number of years during mathematics tutoring centre leader conferences and working group meetings.
In the first year of work, a few centre leaders worked together to collect and analyze quantitative
data under the leadership of the team’s statistician. Initial reports of quantitative work were published
and used as templates for other centres’ data collection and analysis (Byerley et al., 2018; Rickard
& Mills, 2018). In the next year, six of the authors of this paper focused on identifying and defining
structural features of centres to lay a foundation for investigation of characteristics of effective centres
(Byerley et al., 2019). Then, using both the shared definitions of organizational structures and shared
methods of quantitative analysis, we (the authors of this paper) collected and organized qualitative and
quantitative data describing ten mathematics tutoring centres (Byerley et al., 2020). Finally, we analyzed
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TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 3

the qualitative and quantitative data from ten centres to generate testable hypotheses about characteristics
of effective centres using the Delphi process (Pill, 1971). This paper synthesizes the data and provides
hypotheses about characteristics of effective mathematics tutoring centres.

We are particularly excited about this work because there is untapped potential to improve tutoring
centre organizational structures based on research. Many of our proposed structures do not take
substantial amounts of time or money to implement compared to other educational interventions, such
as changing classroom instruction or university policies. In our experience, undergraduate and graduate
tutors are usually willing to follow directions and implement new ideas because they are so new to the
practice of teaching and tutoring; hence, they are willing to accept advice (Johns, 2020). Because not
much is known about effective centre structures and because it is relatively inexpensive and quick to
change the structures in our experience, we believe that the line of research proposed in this paper offers
substantial benefits for students relative to the investment (Mills et al., 2017).

2. Theoretical framework and literature review
A subset of the authors of this paper identified and defined six dimensions that differed among our
tutoring centres that serve as a framework in this paper (Byerley et al., 2019). To determine the
organizational identity that is associated with mathematics centres we looked at the central, stable
features of ten mathematics centres that make them distinctive (Gioia et al., 2013). We note that because
our centres exist within the USA, the USA context shapes the operations of our tutoring centres that
could differ from the operations of tutoring centres elsewhere in the world, which are shaped by their own
national contexts. All six authors of Byerley et al. (2019) were well positioned to describe dimensions
of organizational identity because they were actively involved in their universities’ mathematics tutoring
centres, attended a national conference for tutor centre leaders, participated in weekly or monthly online
meetings with other tutor centre directors and led or attended tutoring centre working groups. Our
understanding of tutoring centre structures is built on our frequent interaction with our universities’
tutoring centres, notes from conferences and online meetings and a shared digital resource library. The
dimensions we identified are: (1) specialist–generalist tutoring spectrum, (2) strength of relationship
between tutoring centre and mathematics instructors, (3) type and extent of tutor training, (4) types of
tutoring services, (5) physical layout and location and (6) tutoring capacity. These dimensions were
used to organize the literature review, the collection of qualitative and quantitative data and the creation
of figures used in the Delphi process. Although we collected data on each dimension and considered
each dimension when writing hypotheses, the top hypotheses that are the foci of the paper are related to
dimensions 1, 2 and 3. In the Results section, we spend more time reviewing the literature related to the
most popular hypotheses that emerged from the Delphi process.

2.1 Specialist–generalist tutoring spectrum
In a specialist tutor model, a mathematics tutor is assigned to tutor one course or a small number of
related courses. A specialized tutor becomes familiar with the homework problems, student mistakes,
homework solutions, the syllabus and expectations for testing. Some specialized tutors also serve as
learning assistants in the course that they tutor in the centre. This means that they regularly attend lectures
to assist the classroom instructor (see Goertzen et al. (2011) for further definition of learning assistants).
We consider tutors who are also instructors, graders or teaching assistants for a course highly specialized
because of the extensive knowledge of a specific course. Here, we define instructors as individuals who
are the instructor of record for the course, that is, they give lectures and are responsible for assigning
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4 C. BYERLEY ET AL.

grades. We define graders as individuals who are not instructors but perform grading duties for a course.
Finally, we define teaching assistants as individuals who formally meet with a subset of the course
students, but are not the instructor of record. Some tutors specialize in a small number of related courses,
but those tutors do not necessarily attend the courses or interact with the instructors frequently. For
example, specialized tutors might tutor the first two courses in a calculus sequence but not other courses.

A generalist mathematics tutor typically tutors many courses. They answer student questions in the
order the questions were asked and thus shift between answering questions for different courses multiple
times per hour.

Centres can also have a mix of specialist and generalist tutors. For example, at some centres,
undergraduates tutor all courses the centre offers while graduate tutors hold office hours for the class
for which they are instructors of record. There are many organizational structures that contribute to a
tutor’s development of in-depth knowledge of a course; so, it is non-trivial to place a tutoring centre
on a spectrum from specialized models to generalized models. Although studying specialization and
generalization in tutoring centres is a relatively new area of interest, specialization and generalization has
been studied in organizational structures for businesses for many years (Weisbord, 1976). For example,
Weisbord (1976) observed, ‘in-depth competence erodes rapidly in each specialty, for generalists cannot
keep up with everything’ (p. 438).

2.2 Tutor training
In both Europe and the USA, there is variation in the amount and content of training provided to tutors
(Cronin et al., 2016; Mills et al., 2020) with training typically lasting from 1 to 10 h. Lawson et al.
(2020) noted that there is recognition of the importance of training in the UK and Ireland with free
training materials being developed (Croft & Grove, 2016).

Proponents of tutor training argue tutors serve multiple roles, which require them to be knowledgeable
in a wide range of areas (Ireland, 2006; Croft & Grove, 2016; Delderfield & McHattie, 2018; Lawson
et al., 2020), and mathematical knowledge alone is not sufficient (Gillard et al., 2011; Walsh, 2017).
Tutors also should understand student thinking, work with a diverse range of students, address students’
emotional needs, teach study strategies and use pedagogically appropriate questioning techniques
(Fitzmaurice et al., 2016; Burks & James, 2019). Centre leaders often have the autonomy to choose the
topics that they cover in tutor training, and their choices can vary based on the centre leader’s philosophy
of tutoring, the specific needs of the tutors, budgeting issues and values of the department. There is no
formal research on the impact of different types of tutor training on centre effectiveness.

2.3 Strength of relationship between tutoring centre and mathematics instructors
Stronger relationships between the centre and the instructors can benefit students. Cronin & Meehan
(2021) examined the use of providing lecturers with a summary of student queries raised in the tutoring
centre. They found that lecturers reported this was valuable formative feedback. In a study of out-of-
school supports for secondary students, there were similar findings that suggest the importance of having
teachers involved in the support centre (MacBeath et al., 2001). The authors suggested out-of-school
support worked better when it was ‘built-in’ to the overall design of the courses rather than ‘bolted-on’
as a disconnected extra service.

The relationship between mathematics tutoring centre leaders, mathematics faculty and tutors varies
by institution. For example, some mathematics tutoring centres are located within a larger umbrella uni-
versity support centre (Starkings, 2002; Gordon, 2004) while others are situated within the mathematics
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TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 5

department (Lawson et al., 2020). Grove et al. (2018) found that 60% of 48 UK institutions surveyed
integrated mathematics and statistics support with other support services, and only 27% were managed
entirely by an academic department. Only 17 of 51 UK institutions surveyed used course instructors
as mathematics centre tutors (Grove et al., 2019). Mills et al. (2020) found 76% of 75 tutoring centres
surveyed in the USA reported collaboration with mathematics faculty, and 65% reported tutoring by
graduate students and faculty. When instructors spend their office hours at the centre tutoring, there is a
greater potential for a relationship between instructors, undergraduate tutors and the centre director.

2.4 Types of tutoring services
Some centres in this study focus on a particular type of mathematics, such as calculus, and only serve a
few courses, while other centres serve over 20 different courses ranging from developmental mathematics
to linear algebra. Centres can offer drop-in tutoring, scheduled one-on-one tutoring or a combination of
services. A potential benefit of drop-in tutoring is that students work together and build relationships
with classmates. A potential benefit of having an appointment is that a student gets focused attention
for a longer period of time. It is plausible that drop-in centres attract different types of students than
appointment-based centres. For example, high performing students are often comfortable working with
friends at a drop-in centre. The high-performing student, who only has occasional questions for a tutor,
might not book an appointment for an hour of private help if the private appointments are advertised as
being for struggling students.

2.5 Physical layout and location
The size and quality of spaces used by tutoring centres vary widely in the USA. Seating capacity varies
from less than 10 seats to over 100 (Mills et al., 2020). There are also variations in the tutoring centre’s
location on campus, how far the students typically must travel to attend the centre and how close the
centre is to the mathematics department. In addition, the physical space may offer separate spaces
dedicated to specific populations (Lawson et al., 2020).

2.6 Tutoring capacity
Mills et al. (2020) defined tutoring capacity as ‘a measure of how many tutoring hours per year are
offered per eligible student for different sizes of universities’ (p. 12). Note that tutoring hours per year is
not the same as the number of hours a centre is open because a centre often has multiple tutors working
at once. We chose to examine tutoring hours per year rather than the number of hours a centre is open to
focus on the opportunities students have to interact with a tutor, rather than the opportunities they have to
be in the centre. If a centre has limited hours that do not work well with students’ schedules, it will likely
negatively impact visitation but we did not consider that issue because all centres in this study were open
many hours each week. The average tutor hours per year per eligible student varied from 4.34 h at small
institutions to 1.09 h at large institutions in the Mills et al. (2020) study of 75 USA centres. It is unknown
if centres with increased tutoring capacity are more effective because it is possible that groups of students
at busy centres will work together to solve many of their own problems and learn from that process.

3. Methods
This project focuses on research questions of interest to practitioners as suggested by Cai et al. (2019).
In May 2017, the USA National Science Foundation funded a three-day conference for mathematics
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6 C. BYERLEY ET AL.

tutoring centre leaders where the group brainstormed topics of research. Consistent with community-
based participatory research (Brady, 2015), research questions should be generated by practitioner
questions; practitioners and researchers mutually benefit from the ongoing research relationships; and
the research outcomes should have direct applicability to the practitioners’ work. To generate knowledge
for practitioners (in this case, the mathematics tutoring centre leaders) using their experiences, we used
the Delphi process to address the following research questions (Skulmoski et al., 2007):

1. How can the quantitative and qualitative characteristics of ten mathematics tutoring centres be
organized for research purposes?

2. What hypotheses do expert mathematics tutoring centre leaders generate about characteristics of
effective centres given data from 10 centres?

We describe each major stage of the research in Sections 3.1 to 3.3.

3.1 Collecting qualitative summaries of centres
After creating initial definitions of six dimensions, a subset of the authors thought might be related to
characteristics of successful centres (Byerley et al., 2019), each author wrote a qualitative description of
his or her centre with attention to each dimension. The leaders described both strengths and weaknesses
of their centres and submitted information to the lead author. She blinded each description and renamed
centres using animal names. The descriptions of the centres included a number of nuanced observations
and ranged from five to ten pages in length. After the group read the descriptions of each centre, we
identified additional details that we wanted to know about each centre. A subgroup created a survey, and
each centre leader provided further information. For example, the survey specifically asked how many
courses new and experienced tutors were responsible for tutoring to help us place the centres on the
specialized to generalized spectrum.

3.2 Collecting quantitative summaries of tutoring centres
The methods used for quantitative evaluation of tutoring centres’ impact on student success have grown
in sophistication over the last 20 years as researchers attempt to control for self-selection bias. As it is not
possible to randomly assign students to attend or not attend a tutoring centre, researchers must consider
the possibility of self-selection bias. For example, if more motivated students are more likely to attend,
relationships between centre use and higher course grades might be due to student motivation, not the help
received at the centre. MacGillivray & Croft (2011) advocated for the use of general linear regression to
evaluate centres. They wrote ‘the essential concept is to compare performance relative to a base measure
for those who used [the tutoring centre] with the same relative performance for those who did not’
(p. 200). They suggested use of the students’ prior grade point average (GPA), results on a first assess-
ment and diagnostic test data as possible baseline measures. Although MacGillivray & Croft (2011)
noted that general linear models are useful for analyzing the relationship between many variables and
student performance, they only noted one study of tutoring centres (MacGillivray & Croft, 2009) that
used general linear models. Matthews et al. (2013) conducted a literature review on the evaluation of
tutoring centres, and most of the studies reviewed did not control for self-selection bias. Since 2009
more research groups have use multiple linear regression to evaluate tutoring centres (Berry et al., 2015;
Byerley et al., 2018; Rickard & Mills, 2018; Rylands & Shearman, 2018; Jacob & Ní Fhloinn, 2019).
Three authors, who are centre leaders, previously published a quantitative analysis of their centres’ data
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TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 7

that found positive relationships between centre attendance and course grades after controlling for other
variables (Byerley et al., 2018; Rickard & Mills, 2018). Since relatively few institutions have published
a linear regression analysis of their centres it is not possible to generalize the result from studies of one
institution to new contexts. For example, Walker and Dancy (2006) found that students who attended a
physics tutoring centre had 20% lower mean exam scores than those who never attended (p. 138). They
hypothesized that students who struggled self-selected to use the tutoring centre.

We collected quantitative data from over 26,000 students who were enrolled in a mathematics course
at the ten institutions during one fall semester. One strength of our quantitative data collection is that
the number of institutions involved allows us to investigate if a relationship between variables at one
institution is apparent in another and then to consider how differences in centre structures impact
measures of success. In order to standardize analyses across universities, participating centre leaders
were surveyed to determine the data available to them. The factors that essentially all contributors
reported being able to procure data for included: (a) college entrance exam scores, (b) high school GPA,
(c) number of student visits to the centre per eligible student and (d) course letter grade converted to grade
points. Multiple regression analyses were conducted on the data from each centre using course grades as
the dependent variable and college entrance scores, high school GPA and number of student visits to the
centre as the independent variables. We acknowledge that these factors represent only a small portion of
factors that might influence student grades in a course. However, as these were the only data available to
all centres, they represent the largest possible subset of common factors. We also acknowledge that course
grades are only one measure of success, and this variable has limitations. For example, course grades do
not necessarily measure the development of productive mathematical understanding. For example, in the
USA, the majority of calculus tests assess procedural knowledge despite a focus on the development of
conceptual understanding of calculus in educational research (Tallman et al., 2016). Tutoring centres also
hope to contribute to goals beyond the development of mathematical knowledge. For example, we value
the retention of marginalized students in STEM and supporting students’ identity growth as mathematical
thinkers (Gutiérrez, 2013; Ellis et al., 2016). Even though we understand that there is more to success
than course grades, we know that students, instructors and departments want students to pass courses;
so, we use this variable as one measure of success.

The fourth author had a PhD in statistics, and he assisted all centre leaders in analyzing their data and
checking that their data sets met the assumptions for multiple linear regression (Cohen et al., 2013). For
example, we looked at scatterplots of the data to see if there was a roughly linear relationship between
visits to the centre and course grade. There is multi-collinearity between the control variables college
entrance exam scores and high school GPA, but our statistician deemed multiple linear regression was
still a useful model for the data sets. Also, many other studies use both high school GPA and exam scores
as predictor variables (Cohn et al., 2004).

We also measured the effectiveness of a centre by computing the mean visits per eligible student and
the mean visits of students who attended at least once (Matthews et al., 2013). A high percent of students
using a centre likely means it is well advertised and well recommended by students and faculty. A high
number of return visits suggests students were satisfied with their initial experience at the centre. Visit
metrics must be interpreted in light of each centre’s context. For example, Cat’s Precalculus and Gorilla’s
College Algebra courses required the students to visit the centre. Since none of the Bird, Dolphin, Goat
and Fish faculty held office hours in the centre (as was the case in the other six centres), none of the
office hours visits were counted to centre attendance for Bird, Dolphin, Goat or Fish.

We had to make a number of decisions about which data to include and exclude in our calculations
to ensure standardization across institution. For many centres, students from any course are allowed to
use the centre, including courses for which the centre may not have assigned tutors. Data were only be
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8 C. BYERLEY ET AL.

analyzed for students enrolled in courses for which the centre specifically provides tutors. Data for all
students in a course served by the centre were collected, including those who did not visit the centre.
Students with missing data and students who withdrew from the course were removed from the multiple
linear regression analyses; these counts are shared in the data tables in the results. Students enrolled
in multiple mathematics courses were treated as separate data points, with the number of visits to the
tutoring centre split equally between the courses taken. Due to many smaller enrolment courses, analyses
combined all courses within each university.

3.3 Delphi process of hypotheses generation
The ultimate goal of this research is to identify organizational structures, which support successful
tutoring centres. However, tutoring centres are complex organizations and a centre leader may have
difficulty isolating the impact of any single decision. Moreover, each centre leader tended to only know
about his or her own centre and had difficulty generalizing beyond individual experience. Thus, it is
productive to use the Delphi process to settle on viable hypotheses to test before designing a study
specifically to test a hypothesis. In our process, each expert used the blinded qualitative and quantitative
data, their experience and research literature to write hypotheses and sent the hypotheses to the lead
author who blinded them for the group. The hypotheses were refined by experts in an iterative cycle of
anonymous writing, editing and voting, described in detail below.

The Delphi process is a multi-stage process in which experts anonymously provide judgements that
are systematically revisited until patterns of agreement emerge (McKenna, 1994). The Delphi process
provides a mechanism for ‘soliciting and receiving honest expert opinions on a topic without fear
of responses being impacted by unequal power dynamics, in-person group think, difference in social
identities and values or history with one another’ (Brady, 2015). The use of blinded data and anonymous
communication (as opposed to round-table discussion) allow those involved to focus on the task at
hand and ‘substantially reduces the social-emotional behaviour often found when using other methods’
(Clayton, 1997). A Delphi process should leverage the experience of experts and move toward a shared
judgement or opinion.

We used the Delphi process because it ‘can be applied to problems that do not lend themselves to
precise analytical techniques but rather could benefit from the subjective judgments of individuals on a
collective basis’ (Skulmoski et al., 2007). The Delphi process is well suited to define issues and concepts,
determine priorities and identify best practices (Fletcher & Marchildon, 2014). We had to make subjective
judgements to coordinate evidence consisting of qualitative descriptions, quantitative data, research
literature and professional experience. The aspects of our study that align with the Delphi process include
use of: an intentional sample of experts; an emergent study design; structured, anonymous data that were
collected and analyzed in iterations; and communication structures that preserved anonymity (Linstone
& Turoff, 1975). We collected and used quantitative information but also adopted a qualitative approach
as outlined by Fletcher & Marchildon (2014) in what they called a ‘modified and open-ended Delphi
method.’ The Delphi process has been used in other mathematics education contexts to leverage expert
opinions on complex topics (Manizade & Mason, 2011; Muñiz-Rodríguez et al., 2017).

Following data collection, the hypothesis generation process included five primary stages shown
in Fig. 1.

Stage 1: hypotheses generation. We generated the hypotheses using our professional experience,
qualitative and quantitative data and knowledge of tutoring literature. In addition to writing hypotheses,
we anonymously justified our hypotheses using evidence from the data, personal experience and research
literature.
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TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 9

Fig. 1. The five stages of our Delphi process.

Stage 2: hypotheses consolidation. Once all centre leaders had generated hypotheses and evidence, the
first and third authors organized them based on theme. The thematic approach was primarily deductive,
relying on the structures of tutoring centres outlined in Byerley et al. (2019) for an initial framework.
The result was seven themes with 19 hypotheses related to: tutor training (6), tutor–student ratios (3),
social aspects of centre/tutor and student relationships (3), alternative methods to measure success (3),
centre’s relationship with mathematics department (2), centre attendance (1), physical location and space
of centre (1).

Stage 3: vote on Stage 2 hypotheses. Eight of the 13 centre leaders1 voted on the hypotheses they
believed to be best. The ‘best’ hypotheses were those that were both well supported by evidence and
subjective opinions based on professional experience and had strong explanatory power. The refined list
of hypotheses and evidence were provided to each centre leader with the following instructions:

Highlight all hypotheses that you think are the best. Best hypotheses are supported by a combination
of qualitative and quantitative data, the literature, and your expertise as a centre director. You can choose
how many hypotheses to highlight.

• Indicate if you think any hypotheses are inaccurate or unsupported by data or research.
• Add your justification, counterevidence or supporting literature to each hypothesis.

The voting resulted in the following ranked hypotheses, none of which were opposed.

1. A specialized tutor model increases tutor quality, increases the number of student visits to the
centre and increases student success. (seven votes)

2. Tutor training strengthens a centre and increases student success. (six votes)
3. Faculty and graduate teaching assistants holding office hours in the centre improves the effective-

ness of the centre. (six votes)
4. Providing adequate space, ambiance and location for a centre leads to increased attendance and

better tutoring effectiveness. (six votes, one with qualification that this was true given good tutoring
occurred at centre)

5. The number of full-time employees (faculty or staff) who run the centre will have an impact on
the quality of reporting and tutor training. (four votes)

Stage 4: refine top hypotheses. After extensive group discussion of the hypotheses, we realized that the
wording of many of the hypotheses needed to be improved. We also realized that in our effort to combine
multiple hypotheses from various members we had made each hypothesis too complex to vote on. For

1 Some of the ten centres had more than one leader participating in this paper. Not all authors participated in each
stage of the Delphi process. When not all authors participated in a stage of the Delphi process, the number of authors
who participated is indicated.
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10 C. BYERLEY ET AL.

Table 1. Summary of hypotheses and the rank of each hypothesis. Blanks occur where no hypotheses were
generated by Delphi process

Harder to tutor
each course

More visits per
student

More return
visits

Larger effects of
visits on grades

Tutoring more courses 1 [34]
More specialized model 2 [33] 6 [12] 8 [9]
More tutor training 3 [25] 7 [10]
More office hours at centre 5 [13] 4 [16]

The number in brackets is the score from voting

example, the hypotheses ‘A specialized tutor model increases tutor quality, increases student visits to
centre and increases student success’ made claims about three impacts of a specialized tutor model, and
some centre leaders agreed with some of the claims but not all three. We revised the top three hypotheses
from Stage 3 by separating them into eight more focused and testable hypotheses as described in the
final voting of Stage 5.

Stage 5: vote on refined hypotheses. In the first vote, the centre leaders evaluated the hypotheses based
on all of the qualitative and quantitative data. In Stage 5, they were asked to focus on the charts and
tables the group designed to relate to each hypothesis. The charts and tables included both qualitative
and quantitative data related to dimensions of interest. These charts answered the first research question
by providing one way to organize information available to tutoring centre leaders for research. We used
a forced-choice four-point Likert scale for voting to prevent centre leaders from choosing the ‘neutral’
option.

Twelve of the 13 centre leaders voted by emailing their votes to the first author. For each hypothesis,
each centre leader voted twice, once based on our data and the other based on professional judgement. For
each vote, strongly agree votes were assigned 2 points; agree, 1 point, disagree,−1 point; and strongly
disagree, −2 points. Hypotheses earned or lost points based on each centre leader’s opinion of our data
as well as based on the centre leader’s experience. The highest number of points a hypothesis could earn
was 48 points. This would occur if all twelve leaders cast strongly agree votes that the data and their
experience supported a hypothesis. Zero points would indicate the group equally agreed and disagreed
with a hypothesis. Negative points would indicate that more centre leaders disagreed than agreed with
the hypotheses.

Creating charts related to specialist and generalist hypotheses required ranking the tutoring structure.
We organized the centres on a spectrum from least to most specialized using the data in Supplemental
Tables 1 and 2 and provided qualitative descriptions of each centre to determine which centres structures
gave the most opportunity for tutors to gain specialized course-specific knowledge. The third author
initially ordered the 10 centres from most generalized to most specialized, and the first author provided
suggestions and feedback until agreement between the two was reached. The first and third authors
presented their list at a research meeting to the other authors, and the group accepted the order in Fig. 3.
We considered a number of factors when ranking centres from most to least specialized. For example, Cat
tutors were responsible for multiple versions of similar courses (i.e., tutoring both three-credit and four-
credit differential calculus courses) so even if a tutor was in charge of multiple courses, they involved
similar content. At Whale the tutors were expected to be willing to help with any course. However,
many tutors were graduate teaching assistants who held their office hours at the centre, and the schedule
listed the courses each tutor taught. Thus, students visiting the Whale centre knew which tutors had
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Table 2. We used linear regression to predict mathematics course letter grade point with number of visits, high
school GPA and SAT or ACT

School Number of
students

R2 Predicted
increase in

grade per 1 visit

Increase in grade
point per 1 grade

point HS GPA

Increase in grade per
1 standard deviation

SAT/ACT

Number of
withdraws/
incompletes

Bird 1096 0.17 0.003 1.00∗∗∗ 0.26∗∗∗ 40
Cat 3270 0.26 0.019∗∗∗ 1.09∗∗∗ 0.59∗∗∗ 540
Dog 1004 0.25 0.035∗∗∗ 0.77∗∗∗ 0.49∗∗∗ 105
Dolphin 1070 0.15 −0.034∗∗ 1.63∗∗∗ NA 87
Goat 443 0.19 −0.057∗∗∗ 0.57∗∗∗ 0.36∗∗∗ 18
Gorilla‡ 2737 0.19 0.015∗∗∗ 0.67∗∗∗ 0.24∗∗∗ 447
Fish 6609 0.09 0.022∗∗∗ 0.71∗∗∗ 0.13∗∗∗ 639
Hamster 5151 0.17 −0.002 1.08∗∗∗ 0.13∗∗∗ 850
Horse 1971 0.12 −0.006 0.20∗∗∗ 0.38∗∗∗ 69
Whale 3453 0.23 0.016∗∗∗ 0.86∗∗∗ 0.26∗∗∗ 360

∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05; ‡Gorilla U used HS GPA in mathematics courses rather than overall HS GPA.

specialized knowledge about a course. The students at Whale spent a lot of time receiving tutoring from
someone who was teaching the course they were taking. We also had to decide how to rank centres that
had both specialized and generalized tutors. Undergraduate tutors at Gorilla tutored eight courses and
graduate tutors held their office hours at the centre and tutored only the course they taught. To decide how
specialized Gorilla was compared to the other centres, we determined what proportion of the tutoring was
done by graduate students. Although we feel confident our list is reasonable for the purpose of hypotheses
generation, we acknowledge that future research investigating specialist or generalist models should take
care to collect data to see if students are receiving help from specialized instructors or a generalist tutor
at the centre. We also considered the requirements that each centre had that a tutor must satisfy before
tutoring a specific course described in Byerley et al. (2020).

4. Results: Data summaries and hypotheses generated with Delphi process
The eight hypotheses from Stage 5 are summarized in Table 1. For example, the cell in Table 1 with
a ‘2’ indicates that the hypothesis Centres with more specialized tutoring models have more visits per
student was the second most popular hypothesis earning 33 points on a scale from −48 to 48. These eight
hypotheses were written using ideas from the top three hypotheses from Stage 2. So, it is not surprising
that all reported eight were viewed positively, and all scored above zero points when votes were added
together. The summary table shows that the leaders tended to be more confident about hypotheses related
to how to increase visits per student and return visits than they were about hypotheses related to larger
effects of visits on grades. There was not a clear trend about which potential characteristic (a more
specialized model, office hours at the centre, more tutor training) was hypothesized to have a bigger
impact on effectiveness.

The following sections provide the statistical data and diagrams that were used while voting on the
hypotheses with a focus on the top 4 hypotheses from Table 1. The top 8 hypotheses fit into the three
themes specialist–generalist tutoring spectrum, tutor training and holding office hours at centre. The
charts related to Hypotheses 5 to 8 are in Supplemental Fig. 1, Supplemental Fig. 2, Supplemental Fig. 3
and Supplemental Fig. 4.
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4.1 Quantitative measures of effectiveness
Table 2 displays the effects of visits to the centre on course grades after controlling for students’
university entrance exam scores (USA universities use SAT and ACT equivalent scores) and high school
GPA. The R2 of the model represents the proportion of variance in course grades that can be accounted
for by variance in the explanatory variables. For five centres, the model suggests that a higher number of
centre visits is a statistically significant predictor of higher grades. The model for Whale, for example,
predicts that if students visit the centre 10 times in a semester, their course grade point would be 0.16
higher than students with similar high school GPA and exams scores who did not attend the centre. An
increase in course grade point of 1 is the same as an increase in one letter grade. Most commonly in the
USA, 4.0 is the highest possible grade point, 2.0 is considered average and 0.0 represents a failure to
earn credit.

The data in Table 2 are intended to illustrate data typical tutoring centres may have available, indicate
what analyses centre leaders may want to conduct for internal information or external reporting and serve
as one source of data for the generation of hypotheses reported in this paper. Pragmatically, it has been
extremely useful to share Table 2 with centre leaders and administrators who read annual evaluation
reports because it helps them calibrate expectations for how big the predicted increase in grade per one
visit might be. At the centre with the largest predicted increase in grade point per one visit (0.035), a
student would need to visit roughly twice a week to have a predicted increase in semester grade of 10%.

There are limitations to the conclusions that can be drawn from Table 2. The statistical results
presented here are not intended to demonstrate that there is a positive or negative causal relationship
at any centre between visits and grades. Our model only partially accounts for self-selection bias and
could be improved by adding more predictors, such as student scores on the first exam of the course. In
particular, we do not think that attending the centre at Goat and Dolphin caused students to earn lower
grades, even though there was a statistically significant negative relationship between visits and grades.
Instead, we hypothesize that the students who were struggling the most at those schools were more
likely to seek tutoring. Dolphin’s centre leader reported that instructors primarily encouraged students
with low early exam scores to attend the centre, while at other universities all students were encouraged
to go. Future studies could use first exam scores as a control variable to investigate negative correlations
between visits and grades at centres. We did not do that analysis in this paper because only some of the
centre leaders had access to examination grades. However, Horse did have access to examination grades
and found a positive correlation between visits and grades when controlling for first exam scores. Finally,
the R2 values were somewhat lower than those in other studies of predictors of college grades but not
alarmingly lower (Cohn et al., 2004).

4.2 Specialist–generalist tutoring spectrum
This section provides evidence for the hypotheses ranked first and second in Stage 5. These two were both
related to the specialist–generalist tutoring spectrum. This section discusses the three sources of evidence
used to vote: the diagrams in Figs. 2 and 3 that we created to organize data around the hypotheses,
research literature and professional experiences.

Of the eight hypotheses in Stage 5, the top ranked hypothesis (34 points) was: the more courses a
tutor is responsible for tutoring the more likely the tutor will struggle to answer student questions, when
the difficulty of the courses being tutored is roughly the same for the tutor tutoring many courses and
the tutor tutoring only one course. Centre leaders self-reported information about the number of courses
each tutor tutors and how often the tutor struggles to answer questions (Fig. 2). Leaders typically know

D
ow

nloaded from
 https://academ

ic.oup.com
/team

at/advance-article/doi/10.1093/team
at/hrac026/7034390 by U

niversity of G
eorgia Libraries, Serials D

epartm
ent user on 16 February 2023



TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 13

Fig. 2. How often tutors struggle to answer questions compared to the average number of courses tutored by each
tutor.

Fig. 3. The mean number of visits per eligible student to the tutoring centre per semester. Eligible students include
all students taking a class the centre serves.

how often tutors struggle with questions because the students complain or seek additional help from the
leader. The y-axis rates how often tutors struggle to answer questions with 4, every day centre is open;
3, often; 2, occasionally; 1, rarely. The positive relationship displayed in the figure provides support of
this hypothesis. The hypothesis includes the nuanced statement ‘when the difficulty of the courses being
tutored is roughly the same’ because in our professional experience it is much easier to tutor multiple
lower-level courses than it is to tutor multiple higher-level courses. We had some additional data in the
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14 C. BYERLEY ET AL.

qualitative descriptions about the most difficult courses the centre tutored, which we considered when
voting that does not appear on the diagram. Centre leaders were not necessarily concerned when tutors
struggled to answer student questions because tutors were often able to eventually solve the problem
using resources, and some felt it was beneficial that tutors modelled a problem-solving process. Some
students complain when tutors struggle to solve questions, and others appreciate sharing the struggle
with someone else. For instance, the mean number of return visits for a student who visited at least once
at Bird was very high (14 visits in one semester) despite tutors’ frequent difficulties in solving problems.

The second-ranked hypothesis (33 points) was: Centres with more specialized tutor models have more
visits per student.

Figure 3 shows how we organized both qualitative and quantitative data to investigate this hypothesis.
Figure 3 shows that the centres with the three most specialized models also had the most visits per

eligible student in a semester. Specialization might increase the number of visits because students are
more satisfied with tutors who are more familiar with the course they are taking. However, specialized
tutors are often directly involved in students’ courses as instructors, learning assistants or graders and
that involvement helped them gain specialized knowledge. While working with students in courses,
specialized tutors often encourage students to visit the centre. For example, undergraduate tutors at Dog
attended courses to help with group work and individually invited students to the centre. It is difficult to
disentangle the impact of a specialized structure and the impact of holding office hours in the centre; so,
we consider a hypothesis related to office hours in Section 4.4 and include black outlined bars indicated
which universities used the practice of having instructors’ office hours in the centre in Fig. 3. The centres
with the most visits per eligible student all held office hours in the centre, but this did not appear to be
a sufficient condition to increase visitation as Horse, Fish, Hamster and Whale had office hours in the
centre but substantially fewer visits than Gorilla, Cat and Dog.

In addition to the quantitative data organized in the diagrams, our team used both personal experiences
and research to justify the hypotheses about the specialist–generalist tutoring spectrum. All experts
provided citations to justify their votes and the first and second authors read and synthesized the
suggested research in the following section to provide evidence of the benefits of specialization. Experts
justified hypotheses about the benefits of specialization using research showing that it is intellectually
challenging to develop the knowledge needed to respond to and support students’ mathematical thinking.

Research on mathematics teaching shows that taking mathematics courses (or even earning a
mathematics degree) is not sufficient preparation for conveying productive mathematical meanings to
students (Byerley et al., 2016; Byerley & Thompson, 2017; Thompson et al., 2017). Further, instructors
struggle to attend to and make use of student thinking (Wallach & Even, 2005; Speer & Wagner,
2009; Johnson & Larsen, 2012). It is difficult to respond to a student’s suggestions and ideas while
tutoring (Arcavi & Schoenfeld, 1992). Speer & Wagner (2009) studied a mathematics professor with
17 years of experience who struggled with adapting instruction in the moment to take into account
student contributions. The first time an instructor encounters a specific student difficulty, the teacher must
understand the student, unpack the mathematical ideas connected to the misunderstanding and figure
out how to connect the student’s ways of knowing to conventional mathematics. The next time a teacher
encounters a similar misconception, they can more quickly ‘call up the ideas she has generated in similar
situations as a “chunk” of knowledge’ (Speer & Wagner, 2009, p. 559). Specialist undergraduate tutors
can build ‘chunks’ of knowledge (Johns, 2020). The specialist tutor she studied ‘engaged in strategies
such as scaffolding, converging on shared meaning, error diagnosing and addressing motivation’
(Johns, 2020).

Additionally, research on tutoring shows that effective tutors draw upon more than content knowl-
edge and pedagogical knowledge and have developed additional insight into learning mathematics
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TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 15

Fig. 4. The centres are organized from those requiring the least to most training.

(Lepper & Woolverton, 2002). For example, expert tutors in Lepper and Woolverton’s study had both
subject-specific content knowledge and the ability to form a ‘cognitive model that is focused on the
student’s current state of knowledge’ (p. 142). They describe the most effective tutors as providing
historical information motivating to students, visual models and real-world analogies. The best tutors
knew ‘what sorts of problems were most likely to prove especially difficult for students or to elicit
particular sorts of errors from them’ (Lepper & Woolverton, 2002). Tutors also use knowledge of
content and curriculum (Ball et al., 2008) which entails knowledge about course sequencing, course
goals, materials available for instruction and course relationship to other courses. Knowledge used while
tutoring also includes knowledge about exams, online homework systems and course websites (Johns &
Burks, 2022).

The voting scores indicate we are more confident that a specialized structure increases the number
of visits per student than student grades. While generalist tutors cannot always immediately solve a
student’s problem, some of us saw value in tutors modelling the problem-solving process including
productive struggle and effective use of resources such as textbooks and notes. Future research inves-
tigating specialized versus generalized structures could include videotaping tutors working in courses
of specialization and courses with which they are less familiar to investigate the effectiveness of each
session from the perspective of the student. Centre leaders could also modify the organizational structure
of their centre and compare measures of effectiveness from one semester to the next.

4.3 Tutor training hypotheses
We hypothesized that tutor training was positively linked to more return visits per student and a larger
impact of tutoring on grades. We voted for the third ranked hypotheses in Stage 5 using professional
experience, research and the data organized in Fig. 4. We counted the tutors’ concurrent experiences as
learning assistants or instructors as training hours.

The third-ranked hypothesis (25 points) was: Centres with more training for tutors have more return
visits per student when tutor training is high-quality and meets the needs of tutors.

D
ow

nloaded from
 https://academ

ic.oup.com
/team

at/advance-article/doi/10.1093/team
at/hrac026/7034390 by U

niversity of G
eorgia Libraries, Serials D

epartm
ent user on 16 February 2023



16 C. BYERLEY ET AL.

Fig. 5. Centres that held instructor office hours at the centre tended to have a larger effect of visits on grades.

The initial hypotheses generated about training in Stage 1 suggested that tutor training strengthens a
centre. After reflection on professional experience, we noticed that if the training is not high quality and
suited to the needs of the tutor it is unlikely to improve their effectiveness. As justification one leader
noted that teacher training does not always positively impact student success (Harris & Sass, 2011). We
did not have the means to evaluate the quality of the training at each of the 10 centres in comparison to
each other but felt the quality of training mattered. We added the caveat that the training needs to meet
the needs of the tutors based on observations that some tutors need more training in content and others
need more training in pedagogy. For example, one centre leader wrote about graduate students who
provided high-level mathematical justifications to undergraduate students using ideas and terminology
from their graduate courses. Those graduate tutors had a deep understanding of the mathematics but
needed training in using language and ideas accessible to the students they were tutoring. In contrast,
Goat’s tutors often tutor courses they have never taken such as ‘Logic, Set Theory and Probability.’
The STEM majors at Goat who were most interested in being tutors were not required to take courses
covering the mathematical content in the required courses for non-STEM majors. Thus, although Goat’s
centre had a relative high number of training hours it might be that the subject-specific training they
received from the centre could not fully remedy the institutional structure that resulted them tutoring
mathematical content they had not been asked to learn in a course.

Based on professional experience and literature on teacher training (van Es & Sherin, 2010), we
believe training can help tutors develop student-centred pedagogical tools, such as questioning and
listening practices. Training can also help tutors be aware of how small behaviours can send positive
or negative signals to students (MacGillivray & Croft, 2009). Johns’, 2020 observational study of tutors,
as well as our collective experience, suggests that tutors are able to change their practices to promote
more student engagement. We have had success asking tutors to follow Lepper and Woolverton (2002)
suggestion to give students up to five or six hints and wait patiently before directly telling students
how to solve a problem (Lepper & Woolverton, 2002). Other studies about tutoring commonly promote
active inquiry and self-explanations on the part of the student (Chi, 1996; Lepper & Woolverton, 2002;
Topping, 2005), as well as appropriate questioning and responsive scaffolding on the part of the tutor
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TOWARDS RESEARCH-BASED ORGANIZATIONAL STRUCTURES IN MATHEMATICS TUTORING CENTRES 17

(Topping, 1996; Roscoe & Chi, 2007; Graesser et al., 2011). We hypothesize that training can help tutors
develop these questioning, scaffolding and wait time skills more rapidly than if they are left to learn on
their own. Although based on our experience, we believe tutors can be trained to enact effective practices,
there is little to no literature about the effectiveness of various types of tutor training to respond to the
needs of each centre.

In this study, we did not attempt to evaluate the quality of training offered, nor how much time was
spent on pedagogical versus content training as our main purpose was to generate hypotheses. In Byerley
et al. (2020), hours spent on general tutor training and course-specific training were reported separately,
but we grouped all training together in these charts because the generated hypotheses did not distinguish
training types. In future research, it would be important to gather data related to what knowledge tutors
need and what knowledge is targeted in training.

4.4 Holding office hours in the centre hypotheses
In Stage 5, we hypothesized holding office hours in a centre was positively associated with having larger
effects of visits on grades (fourth ranked) and more visits per eligible student (fifth ranked) (Fig. 5). The
experts found office hours to be the most important one related to the strength of the relationship between
the centre and the mathematics department.

The fourth-ranked hypothesis (16 points) was: Centres where instructors hold office hours in the centre
have larger positive effects of visits on grades when instructors are not resentful or annoyed about being
asked to work in the centre.

Our sources of evidence for these hypotheses are primarily the quantitative data and our professional
experience. In our quantitative data, we saw Cat, Dog and Gorilla had many office hours at their centres,
a high number of visits per student and above average scores on other metrics of success. Receiving
tutoring from an instructor, or a tutor who can easily talk to an instructor at the centre, might be more
effective because the tutors are more likely to help students develop knowledge specifically needed for
the course. Based on professional experience, we hypothesize that there are a number of benefits of
instructors holding office hours in the centre with the caveat that this is effective ‘when instructors
are not resentful or annoyed about being asked to work in the centre.’ For instance, in the qualitative
descriptions the experts read, Hamster’s leader reported that the tutors and instructors at the centre often
ignore students and play on their phones. Hamster’s leader personally observed this and suggested the
importance of adding the clause about the instructor’s attitudes about tutoring to the hypotheses during
the Delphi process. More positively, students likely feel more comfortable going to a centre where
they can sit, study and ask questions when needed than they would at an instructor’s personal office.
Instructors who hold office hours at the centre are also likely to advertise to their students the location
of the centre which should lead to increase visitation and a potential to build a community at the centre.

4.5 Data related to unpopular hypotheses
There were centre attributes for which we collected data that we were unable to generate widely agreed
on hypotheses, such as tutoring capacity, centre size, centre location, job title of centre leader and type
of service. There was wide variation in the amount and quality of space available per student visit but
we did not see patterns between the quality of space and measures of effectiveness. Area per eligible
student ranged from 0.019 to 0.19 m2 (see Byerley et al. (2020) for the area of each centre.) We did not
see patterns relating the amount of time tutors could spend per student and measures of effectiveness
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18 C. BYERLEY ET AL.

such as correlations between visits and grades. Tutor time available per student visit ranged from a mean
of 11 to 80 min.

5. Conclusions and limitations
The biggest strength of this work is that we provide concrete hypotheses on how to improve the
effectiveness of a centre that are feasible to implement in practice. These suggestions are based on the
experience of multiple experienced centre leaders in multiple contexts and are supported by exploratory
data analysis. The primary limitation of this research is that we collected the data and designed the
methods to generate hypotheses, not to test them. Further, although we had a sample size of over 26,000
students at 10 institutions, it was a convenience sample of 10 centres from only the USA. While we
would certainly feel comfortable recommending that other centre leaders increase training time, hold
instructor office hours in their centre or ask tutors to specialize in a small number of classes, we would
not argue that our methods completely validate our hypotheses. To test the hypotheses would require
research designed specifically for this purpose. For example, a tutoring centre might reduce the number
of courses each tutor is responsible for tutoring for a semester while keeping other policies constant.
For example, as a result of participating in this study Bird implemented specialized tutoring in several
courses (statistics and business mathematics) and saw increases in student visits for those two courses.

Further, we formed our hypotheses on the assumption that all effective centres would have the
same structure and used the same measures of effectiveness across all centres. However, organization
literature asserts that there is no one best organizational structure and instead should be based on
local context (Donaldson, 1996). Similarly, organizational literature suggests that effectiveness measures
should also be based on the local context, and a good measure of effectiveness at one centre should not
necessarily be used to measure another. As a follow-up to this study, Johns et al. (2021) explored applying
organizational literature to examining the effectiveness of centres. Later, in our self-study, we learned of
Weisbord’s (1976) Six-Box model for describing organizational structure and identified other dimensions
of organizational structure that are potentially related to the effectiveness of centres. Examples include
rewards, such as course buy-outs or pay for centre leaders, mechanisms, such as queuing systems, and
leadership, such as how centre leaders monitor and improve the centre. Finally, the COVID-19 pandemic
occurred after the data collection, but future research should consider organizational structures involving
remote access as described in Gilbert et al. (2021).

Despite the acknowledgement of our limitations, we argue this research program has enormous
potential to improve students’ mathematics tutoring experiences. Centres are a key resource to support
students’ success in mathematics, and it is important to use research and collaboration to make them
as effective as possible. Based on our experience, tutor centre leaders typically have the power to make
substantial changes to the structure of their centres, and some changes could be implemented that require
little in the way of financial resources. Through the development of hypotheses on successful tutoring
centre structures, we have a strong foundation for further investigation into characteristics of effective
centres and have provided current practitioners ideas to consider incorporating and templates of ways
they might organize their data.
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