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Evaluation has become a common, and even an expected, practice across undergraduate
mathematics tutoring centres in the USA, UK and other countries. However, these evaluation
efforts could benefit greatly from leveraging organizational theory research. In this study,
we situate mathematics tutoring centres as non-profit organizations (NPOs) to consider how
an organization performance assessment framework can be adapted to study mathematics
tutoring centre data and characteristics. We use qualitative and quantitative data, collected
from six mathematics tutoring centres and adapt Lee & Nowell’s (2015, Am. J. Eval., 36, 299—
319) NPO performance framework to situate our study. Using thematic analysis, the research
team underwent iterative cycles of data collection and analysis to code for alignment with Lee
and Nowell’s framework. By adapting Lee and Nowell’s framework to mathematics centres,
each of the six centres was given a more relevant lens to consider its performance. Regardless
of the university setting, previous evaluations for centres have focused primarily on outputs
(e.g., number of visits), behavioural change outcomes (e.g., correlating visits to grades) and
client satisfaction outcomes (e.g., student surveys) that ignore the particular context of a centre.
However, Lee and Nowell’s framework takes into account additional performance indicators
that provide a more nuanced understanding of a centre’s performance by bringing to light
the interplay among its various dimensions. Lee and Nowell’s framework allows centres to
look beyond outputs and outcomes to understand why these outputs and outcomes come to be.
The use of this adapted performance framework, for the six mathematics centres in this study,
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allows an interpretation on a variety of dimensions using relevant data while indicating possible
areas for change for each centre.

I. Introduction

Mathematics tutoring centres, known as mathematics support centres in the UK and hereafter referred
to as mathematics centres or centres, have become a fixture in USA and UK universities (Matthews
et al., 2013; Bressoud et al., 2015). Mathematics centres have justified their funding through student
feedback, usage data and regression models indicating a correlation between mathematics centre visits
and mathematics grades (e.g., Xu et al., 2001; Byerley et al., 2018; Rickard & Mills, 2018). However,
the structure of mathematics centres varies across institutions (Byerley et al., 2019; Lawson et al., 2020).
Which factors may contribute to mathematics centre effectiveness and how effectiveness should be
defined both remain open questions. The overarching aim of our research program is to form a framework
that can be used in the evaluation of mathematics centres.

Our research program began as a quantitative study with the intent to measure the effectiveness of
mathematics centres by examining the predicted increase in a student’s mathematics grade per visit to
the centre, accounting for student’s incoming ability and other factors (Byerley et al., 2018; Rickard &
Mills, 2018). Upon recognizing the variety of centres, we sought to define the characteristics of centre
organizational structures in order to understand their similarities and differences (Byerley et al., 2019).
Next, we used quantitative and qualitative measures to compare effectiveness across multiple centres
(Byerley et al., 2020) and then used these measures to hypothesize on the organizational features of
centres that might lead to increased or decreased effectiveness (Byerley et al., 2021).

We recently turned to literature on organization theory to frame our research. In doing so, we recognize
that organizations within the same industry can have varying but successful organizational structures
based primarily on features of organization size, environment and technology (Child, 1972; Donaldson,
1996). We also came to understand there are several different ways in which organizations evaluate their
performance (Akingbola, 2012; Lee & Nowell, 2015). We needed to adjust our original research aim.
Rather than using the same definition of effectiveness across various mathematics centres, we needed to
tailor the definition of effectiveness to the features of each particular centre.

In this paper, we address the following research question: how can we adapt and utilize Lee & Nowell’s
(2015) framework to study mathematics centre data and characteristics? Specifically, we

(1) adapt Lee & Nowell’s (2015) non-profit organization (NPO) performance framework to mathematics
centres and subsequently
(2) apply this adapted performance framework by detailing

a. how this framework can be used to interpret mathematics centre performance on a variety of
dimensions and

b. how performance on various dimensions is connected, which can be used to explain mathematics
centre performance and indicate areas for change.

To answer our research question, we begin by situating mathematics centres as NPOs and examine
the prior work and literature which inform our study. Next, we describe Lee & Nowell’s (2015) work on
performance assessment as it applies to mathematics centres. In our methods section, we describe our
mixed-methods case study design. We then discuss our cross-case analysis of six diverse mathematics
centres in the USA, using Lee and Nowell’s framework to describe and interpret each centre’s
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performance. We examine the interactions of various measures to explore reasons for performance and
avenues for change.

2. Literature Review

2.1 Organization theory

Child (1972) defined a work organization as an organization in which ‘work is carried out on a
regular basis by paid employees, which have been deliberately established for explicit purposes’ (p.
2). Mathematics centres are organizations established for carrying out the work of tutoring students by
paid tutors. More specifically, mathematics centres can be classified as NPOs as centres do not exist for
the purpose of making a financial profit.

NPOs differ from for-profit and government agencies in multiple ways (Rojas, 2000; Toepler &
Anheier, 2004; Akingbola, 2012; Wadongo & Abdel-Kader, 2014). Although NPOs are diverse, they
have similarities in terms of their structures and functions. NPOs are established to achieve social
objectives and lack a goal of profit maximization (Toepler & Anheier, 2004; Akingbola, 2012; Wadongo
& Abdel-Kader, 2014). In the broader university context, mathematics centres may be used to increase
profit through student retention, but as a distinct unit, there is no profit mechanism such as student
payment per visit. In addition, NPOs have broad and vague missions and complex goals. For example,
mathematics centre missions often include phrases such as ‘increase student success’ and provide
an ‘active learning atmosphere’. Further, like NPOs, mathematics centres serve a special function of
providing services (tutoring) and advocating for a target population (traditionally, at-risk students).

2.1.1 Organizational structure. In our earlier work (Byerley et al., 2019, 2020, 2021), we hypothesized
that we could identify structures of tutor centres, which lead to effectiveness. However, upon further
review of the organizational theory literature, we found contemporary views of organization theory
hold that there is no one best organization structure (Mintzberg, 1980; Donaldson, 1996). Rather, the
effectiveness of an organization is impacted by the fit between the organization’s environmental factors
and the organization’s characteristics (Toepler & Anheier, 2004; Akingbola, 2012). Bradshaw (2009)
argues, ‘what works in one setting, or at one point in time, may not work in another and that efficiency
related to ongoing alignment of various [factors]’ (p. 62). In other words, there is no one best common
structure for all mathematics centres because each centre exists in a different environment. Therefore,
rather than using the same definition of effectiveness across various mathematics centres, it is necessary
to tailor the definition of effectiveness to the features of each particular centre.

2.1.2 Performance assessment. Due to the key structural and functional differences, performance
assessment of NPOs is distinct from performance assessment in for-profit or government agencies.
Wadongo and Abdel-Kader (2014) assert, the “‘public good” nature of NPOs products and services
does not reflect the true market value or price; thus, competition and price cannot be used as a measure
of performance’ (p. 681). NPOs lack a universal measure of performance such as bottom line used
in for-profit organization (Herman & Renz, 2008; Akingbola, 2012). Rather, performance assessment
of NPOs utilizes independent, multi-dimensional criteria that include both financial and non-financial
measures (Rojas, 2000; Herman & Renz, 2008; Wadongo & Abdel-Kader, 2014; Lee & Nowell, 2015).
Like organizational structure, selection of a performance assessment system is contingent on contextual
and organizational features such as size, structure and environment (Wadongo & Abdel-Kader, 2014;
Lee & Nowell, 2015). Building off of Wadongo and Abdel-Kader, Lee & Nowell (2015) proposed a
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seven-dimensional performance assessment framework consisting of (1) inputs, (2) organizational capac-
ity, (3) outputs, (4) behavioural and environmental change outcomes, (5) client satisfaction outcomes,
(6) public value accomplishment and (7) network/institutional legitimacy. Lee and Nowell’s framework
is discussed in-depth as the analytical framework later in this article.

2.2 Evaluation of mathematics tutoring centres

Historically, much of the research on tutoring has focused on the practices of tutors and tutor-student
interactions (e.g., Arcavi & Schoenfeld, 1992; Graesser ef al., 1995; Chi, 1996; Lepper & Woolverton,
2002). Only recently has research examined mathematics centres themselves (Matthews et al., 2013;
Mills et al., 2020). A portion of this research involves descriptive reports on the state of mathematics
centres at institutions with no evaluation of the centres. Similar to Matthews et al. (2013), we focus on
mathematics centre research that includes elements of evaluation. In particular, we concentrate on the
methods of centre evaluation, as well as gaps in the body of existing research. For more extensive reviews
of the literature on mathematics centres, see Matthews ef al. (2013), Mills et al. (2020) and Lawson et
al. (2020).

Literature on mathematics centre evaluation has primarily focused on evaluation as a means to ensure
centre funding. MacGillivray & Croft (2011) argue that while evidence shows a need for mathematics
centres, funding for centres is often not secure. Techniques of evaluation generally fall into four
categories: centre usage data, links between student grades (or retention) and centre visits, links between
student confidence and centre visits and student feedback (Matthews e al., 2013).

Centre usage data is the most commonly used evaluation method reported in a survey of US
mathematics centres (Mills et al., 2020) and can be found in a number of papers (e.g., Staddon &
Newman, 2003; Dowling & Nolan, 2006; Gill & O’Donoghue, 2007). Usage data, such as number of
student visits or number of visits per student, can show student demand for and value of services (Croft,
2009; MacGillivray & Croft, 2011).

Studies examining the correlation between student grades or retention and centre visits are another
common means of demonstrating centre value. Several studies at various universities have employed
regression models to help account for the biassing self-selection of centre attendance (e.g., Xu et al.,
2001; Berry et al., 2015; Byerley et al., 2018; Rickard & Mills, 2018; Rylands & Sherman, 2018; Jacob
& Ni Fhloinn, 2019). For example, Xu et al. (2001) performed a regression analysis and found that
visiting the centre correlated with higher final exam scores in College Algebra when controlling for
well-known predictive variables (i.e., gender, SAT, mathematics placement and high school grade point
average or, GPA).

Student feedback on satisfaction and confidence is another means of demonstrating the value of centres
(Matthews et al., 2013). For example, self-report surveys and interviews have provided evidence that
tutoring can lead to improved students’ confidence (Croft et al., 2008; Gillard et al., 2011; Parsons et
al., 2011; Carroll & Gill, 2012; Wilkins, 2015; Dzator & Dzator, 2020). Centres also seek feedback to
understand why at-risk students do not attend tutoring. However, researchers warn that student feedback
may be of limited utility due to the overly positive nature of student responses (Booth, 2003; Croft, 2009;
Lawson, 2015).

These four types of evaluation are generally only descriptive or comparative between tutoring and no
tutoring. While these evaluation methods may demonstrate the impact of mathematics centres in order
to obtain or maintain funding, researchers have begun to call for studies which demonstrate strategies
which lead to efficiency and effectiveness (Ni Fhloinn, 2009; Kyle, 2010). This type of evaluation can be
comparative to an ideal standard, longitudinally within the same organization or to similar organizations
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(Herman & Renz, 2008). Currently, there is no established ideal of centre performance. Matthews et al.
(2013) point out that longitudinal studies can be problematic due to the wide range of other university
factors that change year to year. In addition, they argue comparing across institutions is difficult due
to reluctance to share data. Only a small portion of the literature has reported on data from multiple
institutions (e.g., Gillard et al., 2011; Mac an Bhaird et al., 2011; O’Sullivan, et al., 2014; Byerley et al.
2019; Byerley et al., 2020; Mills et al., 2020).

Furthermore, evaluation of mathematics centres has not taken into consideration literature on organi-
zations. As we have argued, mathematics centres are organizations which may be able to leverage the vast
body of research on organizations, specifically NPOs. Centre evaluation has elements of organizational
performance evaluation practices but has not drawn from that literature. For example, Ni Fhloinn (2009)
argues for a multi-faceted evaluation approach that includes correlation of final grades to centre visits,
feedback from students and anecdotal information from tutors. Gillard er al. (2011) suggest that to show
effectiveness, mathematics centres need to demonstrate their impact on the different stakeholders (i.e.,
the students, the centre and the institution). Matthews ez al. (2013) also argue the need to align evaluation
with the mission of centres. These assertions align with aspects of organizational theory, but no study
has utilized or applied organizational theory to mathematics centre evaluation.

3. Analytical Framework

In order to make sense of how mathematics centres might measure their performance, we draw on Lee &
Nowell’s (2015) framework of NPO performance assessment. Lee and Nowell created an integrated
framework utilizing a variety of perspectives from performance assessment literature. They outline
seven performance dimensions found in the literature on nonprofit performance assessment: inputs,
organizational capacity, outputs, behavioural and environmental outcomes, client satisfaction outcomes,
public value accomplishment and network/institutional legitimacy (Table 1). The relationships between
these dimensions are illustrated in Fig. 1. Drawing on contingency theory (Mintzberg, 1980; Donaldson,
1996), Lee and Nowell argue contextual factors would lead an NPO to focus on certain performance
dimensions. In this section, we provide an overview of Lee and Nowell’s framework, highlighting its
applicability to mathematics centres (Table 1). We focus on aspects particularly salient to the mathematics
centre context and consistent with Lee and Nowell’s contingencies for choosing performance assessment
practices (Fig. 1).

3.1 Performance dimensions

Lee & Nowell (2015) argue NPOs work under the constraint of budget and resources. For example,
mathematics centres are unable to make money to hire additional tutors or improve their physical
facilities. Input performance examines how resources, such as funding, facilities and equipment, are
acquired and used. Common mathematics centre resources include funding for tutors’ salaries, the
physical space provided by the university to the centre and the number of hours that staff (or faculty) serve
as centre leaders. In the mathematics centre context, the strength of the relationship between the centre
and its resource providers (e.g., department chairs or upper administration) is a measure of resource
acquisition.

Organization capacity measures the efficiency and effectiveness of the organization’s processes
towards furthering their mission, as well as the organization’s ability to innovate and adapt (Lee
& Nowell, 2015). The organizational capacity includes centre processes such as how students find
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TABLE 1. Performance measures for centres (adapted from Lee & Nowell, 2015, p. 302)

Performance dimension

Definition

Examples of performance measures in mathematics
centres

Inputs

Organizational capacity

Outputs

Outcomes: behavioural and
environmental changes

Outcomes: client satisfaction

Public value accomplishment
Network/institutional
legitimacy

Acquirement and use of
resources

Effectiveness of processes to
use resources efficiently;
capacity to innovate

Countable goods and services

Intended change in target
population

Satisfaction of customers;
meeting needs of customers

Impact on community/society
Relationships with
stakeholders and industry
community; adherence to
mission

o Funding for tutors

e Physical space (location, square footage)

e Ability to acquire and manage tutors

o Contracted hours for non-salaried staff

e Relationship with funders

e Employee satisfaction, motivation, retention and
capabilities

e Employee training

e Critical operating processes such as marketing the
centre or the check-in process

e Capacity of the centre to adapt to changing needs

e Number of students served

e Number of courses served

e Number of hours open

e Number of services provided (e.g., tutoring, review
sessions, calculator and textbook loans)

e Physical space (e.g., layout, décor, signage)
Impact on mathematics course grades

e Impact on students’ confidence or feelings of
belongingness

e Impact on students’ use of self-regulatory processes or
other study resources

e Percent of eligible students using services

e Average visits per student attending mathematics centre
e Student satisfaction surveys

Community’s perceived value of the centre’s impact
o Satisfaction of administrators and instructors

e Partnership/collaboration with internal and external
tutor centres

e Coherence of activities with stated mission

information on tutoring; how students register for services; and how tutors are hired, trained, motivated
and retained. Centres need to be able to innovate by altering tutor operations to meet changing needs
or streamlining processes to lower costs. The time available to centre leaders to effectively select and
implement changes is one way to measure capacity for innovation.

Outputs are ‘countable goods and services obtained by means of nonprofit activities and direct
products of activities for achieving the mission’ (Lee & Nowell, 2015, p. 306). For example, outputs
include the number of student visits, the number of hours the centre is open, the number of courses tutored
and the services the centre offers. Outputs can be compared with inputs to examine centre efficiency.
Comparative ratios of centre measures such as tutor cost per student visit (i.e., total tutor wages divided
by number of student visits in a year) and utilization of facility space (i.e., total centre square feet times
number of hours open divided by number of student visits in a year) assess input to output efficiency.

Outcomes are separated into two dimensions: behavioural and environmental changes, as well as client
satisfaction (Lee & Nowell, 2015). Behavioural and environmental changes examine the ‘state of the
target population or social condition the program is supposed to have changed’ (Rossi et al., 2004,
p- 204). Lee and Nowell argue this dimension extends beyond outputs to consider the impact on the
target population. For mathematics centres, this includes examining the increased skills, knowledge
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Inputs

Funding for
tutors
Ability to
acquire and
manage tutors

Contracted
hours for non-
salaried staff

Relationship

PERFORMANCE ASSESSMENT FOR MATHEMATICS CENTRES

Centre Mission

Network/Institutional Legitimacy

Satisfaction of administration and instructors; Collaboration with internal and

external tutor centres; Coherence of mission and services

Outputs

# of courses
served

Ratio of tutor
hours to student
visit

Organisational
Capacity
Tutor hiring,
training,
evaluation

Marketing

Behavioural
Outcomes
Relationship of
centre Vvisits to
course grade
Client
Satisfaction
Outcomes

Percent of
eligible
students using
centre

Public Value

Accomplishment

Community's
perception of the
centre's impact

with funders Average visits

per student
attending centre

F
I
I
I
I
I
I
I
I
I
I
I
I
I

FiG. 1 Relationship between performance dimensions for mathematics centres. Each performance dimension should
be considered as it pertains to the advancement of the centre’s mission. Adapted from Lee & Nowell’s (2015, p. 305).

or learning gained by the students from visiting the mathematics centre. Assessments of the extent
to which students’ confidence or feelings of belongingness have been altered, or the changes in
students’ use of self-regulatory processes and other study resources are also measures of behavioural
and environmental changes. The second outcome dimension, client satisfaction, measures the ‘extent
to which the organization satisfied and met the needs of the [target] population’ (Lee & Nowell, 2015,
p- 303). In mathematics centres, this is often measured by the percent of eligible students using their
services, the number of visits per student using the centre and student satisfaction surveys.

Public value accomplishment is the ‘ultimate value/impact the organization hopes to create for
the community/society’ (Lee & Nowell, 2015, p. 303). In other words, it is the extent to which the
organization is achieving the social ambition outlined in its mission statement according to outsiders’
evaluations and opinions.

Network/institutional legitimacy is ‘how an organization has managed its relations with other stake-
holders and established a reputation for trustworthiness and excellence within this broader network’ (Lee
& Nowell, 2015, p. 308). For example, it involves assessing how well the mathematics centre works
with other on-campus and off-campus tutor centre organizations with similar goals. It also includes the
relationships that math centre staff have with individuals who can supply other resources the centre might
use. The satisfaction of the funders and stakeholders, typically department faculty and administration,
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Funding Type Programmability and

(not studied) Observability Stability
Programmable
(not applicable) Stable
Non-programmable: Unstable
* High Observability

* Low Observability

F1G. 2 Lee & Nowell’s (2015) three, independent environmental contingency factors.

is also part of network. Institutional legitimacy includes the extent to which the centre’s activities match
the stated mission.

3.2 Contingencies

While all of the performance dimensions (Table 1) impact each other, organizations should focus on
particular dimensions based on environmental contingencies (Lee & Nowell, 2015). Lee and Nowell sug-
gested three contingency factors: (1) funding type, (2) the extent to which the work is programmable and
observable and (3) the stability of the organization’s environment (Fig. 2). Lee and Nowell discuss each
of these contingencies individually and do not comment on how different combinations of contingencies
interact. In addition, Lee and Nowell only comment on how instability impacts performance practices but
do not elaborate on stability. In our discussion and analysis, we detail how these contingencies inform
performance assessment practices. At present, we discuss how these contingencies can be applied to
mathematics centres.

Due to the data available, we do not consider the funding type contingency in this study. With respect to
programmability, the work of tutoring is non-programmable as it cannot be carried out via predetermined
procedures and protocols (Eisenhardt, 1989). So, only non-programmability needs to be considered in
light of the degree of observability (Lee & Nowell, 2015). Mathematics centres have high observability
when centre leaders are able to directly observe tutoring and low observability when constraints on centre
leader time, the physical space of the centre or the private nature of one-on-one appointments impede a
centre leader’s attention to the service the centre provides.

Lee & Nowell (2015) consider the stability of the environment as the third contingency factor. Stability
is impacted by operating decisions at both the department and centre levels; instability in mathematics
centres is caused by frequent employee turnover or factors that impact a tutor’s ability to be prepared
mathematically. Centres in departments where courses are uniform due to coordination of topic coverage,
scheduling and assessments have more stable environments. In contrast, centre tutors working for
departments without course coordination might experience a wide variety in topics covered, textbooks
used, assessments given and schedules for the same course taught by different instructors. Tutors who
specialize in tutoring only one or a few related courses have a more stable environment than tutors in
centres who serve as generalists working with students in a wide variety of courses. Lack of course
coordination and specialized tutoring provide tutors a less stable environment due to constant changes
in the mathematics content they must address in their tutoring.

220z Asenuepr || uo Jasn Aseiqr Alsisaiun 81e1s ewoyepO Aq | 29€979/2S00BIUARWESYSE0 L 0 | /I0p/3|o1e-a0uBApE/jewEa)/ W0 dNo"oIWapeoe//:sdyy Wolj papeojumoq



PERFORMANCE ASSESSMENT FOR MATHEMATICS CENTRES 9

TABLE 2. Mathematics centre groupings for case selection

Grouping Mathematics centre Size Observability (supervisor Stability
*Selected case (# of eligible students)  or lead tutor present) (course coordination)
Group A Cat Large High High
Group Ax Gorilla Large High High
Group A Whale Large High High
Group Bx Dog Small High High
Group Cx Hamster Large Low High
Group C Fish Large Low High
Group Dx Bird Small Low High
Group Ex Horse Small High Low
Group F Goat Small Low Low
Group Fx Dolphin Small Low Low

4. Method

This study was conducted as a secondary analysis of previously collected data (Smith, 2008) with some
additional data collected specifically for this study. We employed a mixed-methods, multiple case study
design (Yin, 2018). Each unit of study was an organization, an individual mathematics centre. Our cases
were designed to be explanatory, heuristic case studies (Mitchell, 1983), in order to build theory on how
Lee & Nowell’s (2015) performance assessment framework can be adapted for mathematics centres and
used to interpret centre performance. We examine how performance dimensions impact each other, which
can be used to explain centre performance and indicate areas for change. We utilize both qualitative and
quantitative data to account for each centre’s performance on various measures from Table 1.

4.1 Case selection

This study was conducted as a secondary data analysis of the data presented in Byerley et al.’s (2019,
2020, 2021) work. The 10 cases in the original data were collected as a convenience sample (Byerley
et al., 2020). They represented centres whose leaders were involved in the Research in Undergraduate
Mathematics Education mathematics centre community, interested in participating in the study and able
to collect the necessary quantitative data.

From the centres used in Byerley et al.’s (2020) study, we chose various centre qualities to form groups
(Glaser & Strauss, 1968) to be studied. As environmental factors impact both appropriate organizational
structures (Donaldson, 1996) and performance assessment (Lee & Nowell, 2015), we grouped centres
by size, observability and stability.

We operationalize size of the centre as the number of students eligible to use the services and split
the size of the institutions into two even groups: small and large. Observability was operationalized by
whether centre leadership was present with the tutors at least 50% of the time and split the institutions
into two even groups with high or low observability. While there are other contributing environmental
factors, we operationalized stability as the presence of course coordination. Centres where less than 50%
of the students being tutored came from coordinated courses were considered to have low stability.

These three factors produced a possible eight groups of the various combinations of the three
contingency factors. However, the 10 centres represented only 6 of the possible groupings (Table 2).
In particular, no large schools had environmental instability.
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Based on our groups, we selected mathematics centres as typical cases (Thomas & Myers, 2015) in
order to maximize differences across the centres by size, observability and stability (Glaser & Strauss,
1968). Thus, although the original 10 cases were selected based on convenience, the case studies
presented here were chosen purposefully based on their ability to develop theory. When a group contained
more than one centre, the centre with the more extensive qualitative data from the original data set was
selected in order to include as many points of data as possible. From the six groups, we selected the
Gorilla, Dog, Hamster, Bird, Horse and Dolphin mathematics centres for study.

4.2 Data collection

During the original collection of the secondary data, all centres were asked to fill out an open-ended
survey based on Byerley et al.’s (2019) characteristics of tutor organizations and to submit quantitative
data on their centre. The data included the results of a multiple regression model to capture the correlation
of centre visits to final course grade (see Byerley et al., 2020, 2021). Qualitative descriptions include the
relationship of the centre to mathematics department faculty, the percentage of time the centre leader was
expected to spend operating the centre, the tutor training, the operation hours, the services provided and
the physical space. Quantitative data included the number of students eligible to use the centre (counted
as number of students enrolled in courses served by the centre), the number of student visits, the square
footage of the centre and the tutor hours (taken as the sum of all hours worked by all tutors in a given
semester). Quantitative metrics were calculated from these data to determine the percentage of those
students who visited the centre, the average number of visits to the centre per visiting student, the tutor
hours per student visit and the square footage per visiting student.

For the regression analysis, it was deemed desirable to have a standardized analysis across centres in
order to compare results. Based on data available to participating centres, four factors were included in
the regression analysis: (1) student visits to the mathematics centre, (2) high school grade point average,
(3) standardized entrance test scores and (4) course letter grades converted to grade points.

Depending on the year data were available, quantitative data from each institution were collected
for the fall semester of 2017 and/or 2018. Only students enrolled in mathematics courses the centre
purposefully served were included in data analysis. Students with missing data and students who
withdrew from the course were removed from the regression analyses but were included in the
quantitative metrics such as eligible and visiting students. Students enrolled in multiple mathematics
courses were treated as separate data points, with the number of visits to the centre split equally between
enrolled courses.

For this study, the researchers collected additional qualitative data from the six selected universities.
Centre leaders were emailed a qualitative survey of open-ended questions based on Lee & Nowell’s
(2015) framework to fill gaps in the initial data. The individual who collected data from the primary
study emailed these questions to participants, blinded the results and sent them to the first author of this
study. After a second wave of coding, answers to remaining follow-up questions were collected.

4.3 Data analysis

In the primary study, multiple regression analyses were conducted on the data from each mathematics
centre using course grades as the dependent variable and student visits to the centre, high school grade
point average and standardized test scores as the independent variables. Analyses combined students
from all centre-eligible courses within each respective university.
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« Collection of quantitative data and qualitative survey (collected for prior studies,
secondary data)

* Regression model for final grade and tutor centre visit effects (conducted for prior
studies, secondary data)

* A priori thematic coding of qualitative surveys
* Draft of preliminary analysis

« Follow-up qualitative survey #1

« Follow-up qualitiative survey data to fill in gaps of preliminary analysis
 Revision of preliminary analysis (looked for data which confirmed or contradicted
existing theory)

* Follow-up qualitative survey #2

« Revision of analysis based on new data

FI1G. 3 Iterative data collection and analysis.

For this study, analysis of the data was an iterative process (Fig. 3) using constant comparative methods
to look for patterns and themes (Charmaz, 2014). We used deductive coding (Braun & Clarke, 2006)
on each centre’s qualitative survey and quantitative data, using Lee and Nowell’s eight performance
dimensions as codes. We then wrote explanatory case studies (Yin, 2018) regarding each centre’s
performance on measures from Table 1. For analysis, we grouped the six cases into two larger grouping
of low and high observability, based on Lee & Nowell’s (2015) contingencies. We compared cases within
and across these two groupings. With each wave of data collection and analysis, the theory was refined.
Respondent validation was then employed (King & Brooks, 2018) to ensure validity of the analysis.

5. Results and Discussion

To interpret each centre’s performance, we align ourselves with Herman and Renz’s (2008) assertion
that NPO effectiveness is comparative. Organizations may be compared with themselves at an earlier
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TABLE 3. Focal performance dimensions based on contingencies

Contingency Focal performance dimensions Centres
High e End-to-end process of inputs, Gorilla, Dog,
observability capacity and outputs Horse
e Behavioural outcomes
Low e Capacity Bird, Dolphin,
observability o Client satisfaction outcomes Hamster
Instability e Network and institutional Horse, Dolphin
legitimacy

point in time, to similar organizations or to an ideal. Within our analysis, we compare across centres
and a hypothetical ideal. Herman and Renz also argue ‘there is no commonly agreed basis for judging
[nonprofit organisation] effectiveness’ (p. 404). They assert effectiveness is a social construct as the
measures mean nothing until someone interprets them. We acknowledge the results may be interpreted
differently by others; however, as practitioners with many years of experience working in centres, we
feel we have the knowledge to provide plausible interpretations of the measures.

To examine centres’ performance on Lee & Nowell’s (2015) performance dimensions (Table 3), we
examine the centres in two groups based on their observability contingency. We first examine centres
with high observability where a supervisor is physically present and observing the tutors at least 50%
of the time (Gorilla, Dog, Horse). For these centres, Lee and Nowell propose focusing on end-to-end
process of inputs, capacity and outputs, as well as their behavioural outcomes. We then examine centres
with low observability (Bird, Dolphin, Hamster), focusing on their organizational capacity and client
service outcomes. We also note that Horse’s and Dolphin’s instability, resulting from less than 50% of
courses served having coordination, can lead to a performance assessment that focuses on network and
institutional legitimacy. Within these discussions, we also explore how each centre’s relationships with
its funders and the perceived value of the centres may influence centres’ abilities to increase or maintain
funding. While we do not separate centres by Lee and Nowell’s funding contingency, for any funding
model, the relationships with funders or the public’s perceived value of the centre could be considered.

5.1 Background and terminology

To help orient the reader, we introduce common terminology we will use throughout the discussion and
results (Table 4).

The six centres studied differed in other regards besides the contingencies. Table 5 provides additional
background information for each centre.

5.2 Centres with high observability

As centres with high observability of tutors (i.e., a supervisor is physically present and observing the
tutors at least 50% of the time), Gorilla, Dog and Horse should focus on the end-to-end process of inputs,
capacity, outputs and behavioural outcomes (Lee & Nowell, 2015) when compared with professional
standards (Table 3) (Lee & Nowell, 2015). As there are no established professional standards for
mathematics centres, we compare across institutions to examine centre performance relative to other
centres. With respect to professional standards of tutors and tutoring, we rely on literature on effective
tutoring and teaching.
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TABLE 4. Definitions for mathematics centre terminology

Terminology Definition

Mathematics centre or centre Centre that exists for the purpose of helping students in mathematics (and often statistics)
primarily through tutoring

Tutoring centre Other centres on campus which tutor non-mathematics courses

Academic support group Centralized group of multiple tutor centres on campus

Centre leaders or leadership All mathematics centre employees with a rank above tutor

Director Full-time employee who oversees the mathematics centre

Director’s supervisor Individual to whom the director reports

Assistant director Full-time employee who assists the director in management of mathematics centre

GA Graduate students who tutor, as well as instructors (with graduate degrees or who are graduate
students) who both tutor and teach

Student managers Student employees who assist in management of mathematics centre and who rank above
the tutors

Course coordinator Individual tasked with creating common syllabus, calendar, homework and exams across all

sections of a course

TABLE 5. Background information on mathematics centres

Institution # of courses Type of tutors Centre leadership Director’s supervisor Housing unit
tutored
Bird 11 Undergraduate Director Director of academic Academic support group
support group
Dog 5 Undergraduate; GAs Director, two assistant Chair of Mathematics Mathematics Department
directors Department
Dolphin 7 Undergraduate Director Chair of Mathematics Mathematics Department
Department
Gorilla 12 Undergraduate, Director, student Chair of Mathematics Mathematics Department
Optional for GAs managers Department
Hamster 10 GAs Two co-directors Chair of Mathematics Mathematics Department
Department
Horse 13, any math Undergraduate, GAs Director Associate vice provost  Academic support group
question

As can be noted in Fig. 1, there is a flow of impact from inputs to capacity to outputs to behaviour. We
begin our discussion at the start of this flow by examining centres’ performance on inputs to capacity. We
then explore performance in the behavioural outcome dimension, noting behavioural outcome measures
that align with centres’ mission statements. Within this discussion, we examine performance on the
inputs, capacity and outputs chain that flows into behavioural outcomes. We also examine Horse’s
network and institutional legitimacy dimension given Horse’s instability (Table 3). Finally, we illustrate
how each centre’s aforementioned performance, relationship with funders and public value might be
leveraged for additional funding. In Table 6, we offer a summary of each centre’s mission to frame the
objective to which the centre should be assessed.

5.2.1 Inputs to organizational capacity. In this section, we examine each centre’s inputs, organizational
capacity (processes) and the relationship between the two. For inputs, we focus on the amount of time
centre leadership has for managing the centre. We also include collaborative network ties, which can
help reduce the leadership’s workload, allowing leadership to ‘off load’ some of the intellectual work
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TABLE 6. Centre mission or Director’s interpretation of mission when no official statement exists

Centre Mission statement
Bird To provide support for active learning.
Dog The mission of the centre is to improve student learning and academic performances for all students in our

calculus courses. We support instruction that carefully considers student thinking and engages students as
active participants in their learning process.

Dolphin The centre is a community of mathematical thinkers who connect with each other in order to learn together
and achieve their goals. Students learn through individual tutoring and study groups. Tutors and students
also have some opportunities to grow and work together during special events throughout the quarter.

Gorilla ‘We provide a place for students to work on their homework and receive help from tutors if needed. We
hope to create a place for students to belong and to be productive on their mathematics homework and to
assist them in succeeding in their mathematics courses.

Hamster The mission of the centre is to emphasize relevance, cultivate understanding and promote utilization of
mathematics and statistics by providing an engaging and collaborative educational environment for our
diverse community of learners.

Horse We create engaging and effective learning experiences for students studying mathematics and statistics.
Engaging means: friendly and approachable tutors, interactive sessions and user-friendly technology.
Effective means: building skills and confidence, real-time learning feedback and progress in the classroom.

by pulling ideas from similar organizations and asking others to collaborate. We examine how inputs
of centre leadership time and ability to hire/manage tutors can impact processes of employee hiring,
training and evaluation.

Inputs. The input of centre leadership time varied at each institution. Horse and Gorilla each had a
single director who spent 67-75% of their time on tutoring-related activities, while Dog employed a
director and two assistant directors. Gorilla and Horse both utilized their tutors to extend oversight of
the centre through the use of student managers. Horse’s student managers oversaw progress of tutoring
sessions in-the-moment, while Gorilla’s student managers were more involved. Each student manager
in Gorilla had a small group of tutors they were responsible for managing, observing and providing
feedback. Gorilla’s director held weekly meetings with the student managers to discuss any issues that
came up in the week and plan future training or fun activities. The Gorilla student managers helped
identify tutors doing exceptionally well and helped select the tutor of the month. They also helped
with hiring, initial scheduling, coordinating shift covers, scheduling changes and updating policies and
procedures each semester. Student managers allowed Gorilla’s director to focus on higher-level aspects
of the centre by off-loading the day-to-day administrative tasks to them. Through Gorilla’s use of student
managers and Dog’s extensive leadership team, both centres allot a substantial amount time available to
hiring, training and evaluation, as well as having time to consider innovations.

In addition, each centre was able to be more efficient with their time through collaboration. Horse’s
position as a sub-centre of the Academic Support Services extended their network to other on-campus
tutor centres. In addition, Gorilla’s director and Dog’s director and one of Dog’s assistant directors were
given time to dedicate to research on mathematics centres which led to collaboration with mathematics
centre leadership at other institutions. By forming research partnerships with centre leaders at other
institutions, Gorilla and Dog were able to draw on those resources for innovation. In addition, through
conducting research on mathematics tutoring, Gorilla’s and Dog’s leaders were able to draw on best-
practice findings from existing literature, as well as findings from their own research. While Horse did
not have the time for external relationships at the time of the study, through the addition of a part-
time assistant director, the leadership team now has additional time for collaboration and innovation.
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The amount of centre leadership time can provide varying constraints or affordances for enacting
organizational capacity processes of tutor hiring, training and evaluation.

Organizational capacity. The scope of a centre’s mission dictated appropriate employee hiring,
training and evaluation processes. Horse endeavoured to answer any mathematics or statistics questions
from any student and, thus, needed tutors who could answer a wide range of questions which led to
a focus on tutor’s mathematical knowledge. On the other hand, Gorilla’s and Dog’s missions targeted
fewer courses which allowed them to hire and train tutors based on ability to assist students on a few key
courses. In addition, each centres’ input of ability to hire and manage tutors impacted their processes.

Gorilla, Dog and Horse all directly hired undergraduate tutors; however, Dog and Horse also had
graduated assistants (GAs) who were required to work in the centre. Dog and Horse did not have any
input with regard to the hiring or assignment of GAs. This inability to directly hire GAs meant they could
not seek out specific desirable characteristics which affect tutor/student interactions and thus behavioural
outcomes.

Undergraduate tutor hiring practices varied among centres. Horse focused on the number of mathe-
matics courses taken and grades received with availability, ‘eagerness’ and diversity considered second.
For Gorilla and Dog, while grades were important, they were not the primary factor in hiring decisions.
Gorilla’s director ‘value[ed] personality and trainability over high grades’. Dog’s assistant director was
not ‘just looking for someone with good grades, but someone who tried to understand the concepts of
the course, asked questions, participated and got along with their peers’. The centres’ differences in
qualifications were reflected in their hiring practices. Gorilla, Dog and Horse required tutors to submit a
list of mathematics courses taken and grades earned. Gorilla and Dog also required applicants to provide
an instructor reference. References were contacted to not only comment on students’ mathematical
performance in the class but also their participation and communication skills including how they got
along with peers. Applicants at all three centres were interviewed by a centre leader; however, the focus
on the interviews differed. Due to Horse’s need for tutors who could answer a wide range of questions, the
director prioritized mathematics knowledge in reviewing applications but during the interview process,
the director focused on enthusiasm and people skills. On the other hand, because Gorilla’s tutors
only needed to be familiar with content from a few courses, Gorilla was able to consider applicants
based on other criteria. The affordance combined with Gorilla’s director’s time to conduct research and
network led Gorilla to implement practices which were grounded in research. Gorilla’s hiring interviews
focused on tutors’ trainability on pedagogical techniques as demonstrated by performance on a mock-
tutoring scenario. Dog conducted hiring interviews similarly. Research has shown that good grades in
mathematics courses are not enough to be an effective teacher (Ball et al., 2005). Teachers also need to
have productive dispositions and beliefs to support development and enactive of productive mathematics
teaching processes (Thompson, 1992). These dispositions and beliefs are difficult to change (Cooney
et al., 1998); so, targeting tutors already holding productive dispositions may lead to greater uptake in
desired tutoring practices.

Training also varied between the three centres. Drawing on their research knowledge, Gorilla and Dog
aimed to develop tutors with well-rounded mathematical knowledge for teaching (Ball e al., 2008),
consisting of both content and mathematics specific pedagogical knowledge. In addition, with tutors
serving a narrow range of students, training was able to target specific knowledge and skills required for
a few courses. Horse on the other hand had to prepare their tutors to answer any mathematics or statistics
questions that were brought to the centre, as well as questions on statistical software. As such, Horse
focused on content and general pedagogical skills. At Horse, undergraduates received the same tutor
training as GAs, focusing on centre procedures with optional training on specialized course content and
general pedagogy topics such as student disabilities and handling difficult situations. However, since data
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collection, Horse’s assistant director has given leadership time to innovate and expand training. At Dog,
training was different for GAs and undergraduates; however, both experienced content and pedagogical
training. Undergraduates received tutor-specific pedagogical training conducted in partnership with the
academic support group on campus, while mathematics content and mathematics pedagogy specific
training occurred within the mathematics centre. Both GAs and undergraduate tutors received continuous
content training via attending lecture and weekly course led by the course coordinator. The course
coordinator would go over upcoming content, focusing on productive conceptual understandings of the
material, ways of student thinking and teaching techniques. Further, because GAs’ training for teaching
was also conducted by centre leadership, it reflected the active-learning pedagogy encouraged in tutoring.
At Gorilla, training also entailed a mix of content and pedagogy. Training at Gorilla included 8 h per
semester which tended to ‘involve a lot of role play and analysis of tutoring transcripts’. Gorilla’s
director sought to develop these skills through training akin to video clubs (van Es & Sherin, 2008,
2010; Santagata & Guarino, 2011; Santagata & Yeh, 2014; Karsenty & Sherin, 2017; Schoenfeld, 2017)
with an aim to produce reflective practitioners (Schon, 1987; Karsenty & Sherin, 2017). Video clubs
have been shown to improve teacher’s pedagogical skills (van Es & Sherin, 2008, 2010; Santagata &
Yeh, 2014; Schoenfeld, 2017). In addition, reflective practitioners continuously look to improve their
practice (Schon, 1987; Karsenty & Sherin, 2017).

Evaluation of undergraduate tutors was similar at all three centres. Due to the frequent presence of
a centre leader in the centre, most evaluation and feedback to undergraduates occurred informally and
in-the-moment. When tutors were not meeting expectations or received negative feedback, leadership
would meet with the tutor. Horse and Gorilla also had more formal feedback mechanisms. Both Horse
and Gorilla collected student feedback that was shared with tutors. Gorilla also collected one tutoring
observation for each tutor and then met with each tutor to give personalized feedback. With regard to
GA evaluation, Dog and Horse were also reliant on the broader university/departmental structure for
the centre leadership’s role in GA evaluation. At Dog, the departmental structure and culture of active-
learning pedagogy allowed the centre leaders to report performance concerns with GAs to the course
coordinators or graduate committee. At Horse, the director was the supervisor of the GAs working in the
centre and could directly discuss performance issues or take away the student’s assistantship.

We have described how each centre’s mission and inputs of centre leadership time and the ability
to hire/manage tutors impacted organizational capacity of tutor hiring, training and evaluation. Each
centre’s inputs and organizational capacity will subsequently impact outputs and behavioural outcomes
(Fig. 1). Next, we continue along the chain of performance dimensions to examine outputs and
behavioural outcomes.

5.2.2 Outputs to behavioural outcomes. In this section, we examine each centre’s outputs, behavioural
outcomes and the impact of the centres’ missions on outputs and selection of behavioural outcome
measures. For outputs, we focus on the input/output ratio of tutor hours per visit and number of courses
served. We then discuss various behavioural outcome measures that would align with each centre’s
mission but report only on the quantitative regression model.

Outputs. We begin by examining the outputs dimension using measures of the input/output ratio of
tutor hours per visit and number of courses served. To examine each centre’s efficient use of tutor funding,
the tutor hours (input) was divided by the number of student visits (output). This ratio was then converted
to average time in minutes a tutor could spend per student visit for each of interpretation (Fig. 4).
Compared with other institutions, on average, the time tutors at Gorilla and Dog could spend with a
student was lower than other centres, while at Horse, this measure was higher than other centres. A
higher-than-average measure compared with other centres would indicate they have sufficient resources
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Average Time Tutors Could Spend per Visit (Minutes)
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FIG. 4 Input—output ratio of tutor hours/visit for centres as sorted by observability.

to serve students while a higher-than-average ratio may indicate inefficient use of resources. The number
of courses served (Table 5), as dictated by the centre’s mission (Table 6), varies across the three centres.
Dog’s mission was to serve calculus students and served only five courses. Gorilla’s mission entailed
assisting students in first- and second-year courses, generally through differential equations and served
12 courses. Horse, however, had a broad mission to assist with any mathematics question. Officially,
they served 13 courses; however, any student could use the centre. As previously noted, the differences
in missions impacted tutor hiring, training and evaluation. We now explore how these differences in
varying outputs, in turn impacts behavioural outcomes.

Behavioural outcomes. When selecting behavioural outcome measures, it is important that they align
with the centre mission. Gorilla and Horse both mention affective goals of belongingness and confidence
which should lend to positive student responses to mathematics via an attitudinal survey. To measure
student learning and skill building beyond course grades, a conceptual pre/post-test could be employed.
In addition, all three centres mention success in mathematics courses as an aspect of their mission.
While this can be measured in many ways, for this study, we used a regression model to examine the
relationship between centre usage and course grade. Based on the model, after controlling high school
GPA in mathematics courses and standardized test scores, for each visit to the centre, students’ final
grades are predicted to increase 0.015 grade points at Gorilla (F(3, 2733) = 209.1, P < 0.001, R> =
0.186) and 0.035 grade points at Dog (F(3,1000) = 115.5, P < 0.001, R? = 0.257). While Horse’s
quantitative model did not indicate a significant effect of visits on mathematics course final grades, this
is only one of many possible ways to measure the behavioural outcome of student success. In particular,
due to the small number of variables included in the model, centres with access to additional relevant
predictors may find different results after controlling for other variables. In addition, Horse’s model
includes only students in the 13 targeted courses and as such does not include students who received
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help from the centre outside of those courses. In addition, as inputs, organizational capacity and outputs
flow into behavioural outcomes, Gorilla and Dog may have each benefited from the centres’ higher
amounts of time leadership dedicated to their centres and a focus on fewer courses which allowed for
more extensive and targeted training.

5.2.3 Horse’s instability: Network and institutional legitimacy. Horse’s performance assessment should
also take into consideration its instability (Table 3). Lee & Nowell (2015) do not discuss how the overlap
of instability and high observability impacts performance assessment. It may be the case that instability
overshadows observability. If the environment is constantly changing, appropriate tutor interactions are
also in constant flux creating difficulties with supervision (observability). Not only Horse lacked stability
based on lack of course coordination, but also the centre served a wide range of students aiming to answer
any mathematics question. Due to Horse’s instability, network and institutional legitimacy should be
considered as a more appropriate performance assessment.

In examining Horse’s network, Horse’s leadership was well connected to other tutor centres on
campus. Horse’s director was supervised by the associate vice provost, who held monthly meetings with
all academic support group leaders on campus. During these meetings, tutor centre leaders would share
updates on any changes, as well as usage data. Horse’s Director used this network to gather ideas for
changes to the mathematics centre and market the centre’s services, which can help advance the centre
mission. With regard to institutional legitimacy, it may be beneficial for Horse’s director to consider
whether its services align with their mission. Horse’s director reported that while the centre was required
to serve students in the calculus and statistics sequences, serving students outside of the sequences
and fielding mathematics/statistics questions from courses outside of the mathematics department were
optional services provided by the Horse.

5.2.4 Relationship with funders. We now explore how centres’ relationship with funders, an input, can
be paired with the centre’s public value and performance assessment to justify increased funding or build
support for change in centre practices. Performance assessments are often used as leverage for funding
(Carmen, 2011), and both Dog and Horse had been successful in using data to support additional funding
in the past.

Centres with strong ties to their funders will likely have greater success in gaining additional funding.
Gorilla and Dog both had strong relationships with administration. At both institutions, at least one
centre leader reported directly to the department chair. In addition, Dog’s leadership had administrative
connections to the dean and provost, who were influential in obtaining funding for the centre, and took
an interest in centre activities. At Dog, the department chair participated in tutoring events, the dean
would walk by the centre time to check on its use, and the provost was previously a professor in the
mathematics department. These relationships gave leadership at Gorilla and Dog direct lines to funding
decision-makers.

Leadership at Gorilla and Dog recognized they did not have sufficient resources as they stated that
given additional funding, they would spend it on acquiring additional tutor hours. To justify additional
funding, Gorilla and Dog can present to funders a performance assessment including the previous
analysis to demonstrate funding for tutors is the primary obstacle for improved centre performance and
achieving each centre’s mission. For example, Dog’s assistant director stated that, ‘during crowded times
it would be inaccurate to say that our tutoring was “student-centred” and “engages students as active
participants in their learning process”.” When busy, the tutors often worked through the problem on the
board with a small group and, instead of helping students understand a concept, the tutor would move on
to the next in line. However, ‘when less busy some tutors definitely provide student-centred instruction.’
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Providing evidence that the centre’s tutors enacted active learning techniques when the centre was less
busy but struggled to meet that mission objective when busy could help to demonstrate it was not due to
training or other factors that tutors failed to implement active learning, but rather time per student, which
could be addressed by additional funding. While the behavioural outcome performance can be used as
evidence that Dog and Gorilla are fulfilling their missions, it is not known to what extent the predicted
increase in grade points per visit would change if students had more time with a tutor per visit. Dog
might also use evidence of the relationship of tutor behaviours to the number of students in the centre to
argue for additional funding.

Gorilla and Dog have strong ties to instructors in the department who can voice their perceived value
of the centre to administrators. At Dog, GAs were required to hold office hours in the centre; at Gorilla,
this was optional. In addition, leadership at both centres taught courses in the mathematics department
and worked closely with course coordinators. At Gorilla, the Director had weekly contact with course
coordinators who also occasionally facilitated tutor trainings. At Dog, the centre leaders themselves
were coordinators, and tutors attended lectures and course instructor meetings. These close ties with
instructors added to each centre’s perceived value within the department and integrated the centre into
the mathematics department network.

At Horse, leadership may take into consideration whether to reduce their services to only the courses
they are required to serve. Removing these optional services may allow Horse to focus on its required
mission, creating less instability for tutors and improving tutors’ ability to help targeted students.
However, before making change, Horse’s director should take into account the provost and other
stakeholders’ perceived value of the centre. If the perceived value is the centre’s ability to help anyone
with a mathematics or statistics question it would be ill-advised to narrow the scope of tutoring. Horse’s
strong relationship with the provost’s office puts them in a good position to have these conversations.

5.3 Centres with low observability

Client satisfaction outcomes, organizational capacity and institutional legitimacy are focal performance
dimensions for centres with low observability (Hamster, Bird, Dolphin). Due to the inability to observe
tutors’ work, centres with low observability must rely on client satisfaction outcomes to evaluate if the
centre is meeting its’ mission. Client service outcomes include quantitative measures such as percent
of eligible students using services and average visits per student attending, as well as qualitative client
feedback. While quantitative measures are easier to collect, qualitative feedback can explain quantitative
results. These client service outcomes can point to areas within organizational capacity (such as
marketing, tutor hiring/training) which are positively or negatively impacting client satisfaction (Fig. 1).
We discuss how changes to organizational capacity can improve client satisfaction outcomes within the
analysis. We split our analysis into two sections. The first section examines client satisfaction as it relates
to ‘getting students in the door’ as measured by the percent of eligible students attending. In the second
section, we examine client satisfaction in terms of retention as measured by average number of visits per
student attending.

5.3.1 Client satisfaction: getting students in the door. The percent of eligible students attending (Fig. 5)
is predominantly influenced by marketing. Positive student experiences and instructor, as well as parent,
messaging to attend tutoring are forms of marketing that help bring students to the centre and that create
a sense of normalcy regarding help-seeking. Beyond marketing, the services offered should meet student
needs. The percentage of visiting students also benefits from a convenient physical space location.
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FiG. 5 Client satisfaction measure as percent of eligible students using services for centres sorted by observability.

Compared with other institutions, Hamster’s percent of eligible students using their services fell
around the middle for the six centres (Fig. 5). The primary marketing tool was instructor announcements,
which may be an effective form of marketing since instructors have a captive class audience and are best
positioned to recommend tutoring. Hamster had a strong network among instructors as instructor offices
were located on the same building floor as the centre tutors where GAs and the centre’s two Co-Directors
‘work[ed] closely’ with instructors and coordinators. This strong relationship served as a reminder of
the centre’s services and perhaps gave the centre a sense of legitimacy as instructors were familiar with
centre leadership and tutors. Furthermore, Hamster’s relationship with the campus academic support
group aided in the convenience of the physical location and contributed to offering services that met
student needs. The mathematics centre was accessible to students, located within a 5-min walk of the
middle of campus, and close to mathematics classrooms. The centre also reserved a table to be used
for mathematics tutoring appointments offered by the academic support group. Students did not have to
go out of their way to attend tutoring, and there was one central location for all mathematics tutoring.
Furthermore, Hamster’s drop-in services complemented the academic support group appointments. In
addition, Hamster’s hours of operation were based on student demand, and courses served focused on
difficult and higher enrolment service courses.

Bird and Dolphin both had a low percent of eligible students using services compared with other
institutions (Fig. 5). In order to pinpoint specific areas for improvement, centres can survey eligible
students who are not using their services. While Bird did not conduct such a survey, Dolphin found
many students did not attend tutoring because ‘they weren’t comfortable asking for help.” This indicates
the centre had an image issue. Students may have been concerned about being judged by tutors,
peers or instructions. To lower the stigma associated with tutoring and improve their image, Dolphin
could look to their marketing. Specifically, Dolphin could seek to normalize tutoring with personal
testimonies of students who have used the services. Video testimonials of senior students or tutors
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who have attended tutoring would demonstrate that even successful students use tutoring, and it is
not shameful. In addition, Dolphin may need to improve the instructors’ image of the centre. As seen
from Hamster, instructors can be positive marketing resources for the centre, but Dolphin reported
instructors were sending messaging (either explicit or implicit) that tutoring was only for struggling
students. Students may have avoided attending tutoring to prevent being seen or identifying as being
‘bad at mathematics’. The centre could partner with instructors to ensure they are sending positive
messaging, are making in-class announcements and are referring all, not just struggling, students to
tutoring. The centre may find providing instructors with research-based evidence of the benefits of
tutoring or student testimonials and local data may improve instructors’ image of tutoring. In addition,
improving the departmental administration’s image of tutoring could help with top-down tutor messaging
to instructors.

5.3.2 Client satisfaction: retention. There are also many factors which impact average visits per students
attending. The physical space (output) in terms of adequate seating and square foot per student, as well as
comfort influence the students’ experience. In addition, long wait times due to an insufficient number of
tutors would lower satisfaction. The most important factor influencing students’ desire to return may
be their interactions with the tutors. The behaviours of tutors depend partly on a centre’s ability to
hire and manage tutors (input). Centres unable to be selective in their hiring or lacking the ability to
manage tutors are unable to alter tutors’ behaviours. In addition, centres need effective processes for
hiring, training and evaluating tutors in order to promote positive student experiences. Surveying students
who have attended tutoring helps understand which factors are positively or negatively impacting client
satisfaction.

While Bird had difficulties getting students in the door (low percent of eligible students visiting),
once students tried tutoring, they kept coming back (high average visits per student attending). Bird
had an average of 13.98 visits per student attending, high compared with other institutions (Fig. 6). We
examined their centre for factors contributing to their success. Bird’s director reported generally positive
feedback on student surveys with common praises including ‘(1) The [centre] provides an active learning
experience—students are not given answers but are forced to learn; (2) Tutors are welcoming, motivating
and encouraging; and (3) Tutors provide helpful perspectives when learning.” Given the common praises,
the high average visits per student is likely due to tutor hiring, training and evaluation.

Bird’s director directly hired tutors and reported there were no difficulties finding qualified tutors. This
allowed the director to select applicants based on desired characteristics. Criteria used to select tutors
included strong communication skills and their own experience learning. Student feedback that tutors are
‘welcoming, motivating and encouraging’, as well as ‘provide helpful perspectives’ align with the hiring
criteria. In addition, the director hired tutors open to training and served as their manager which put her
in a position to train and enforce tutor behaviours aligned with the centre’s mission, ‘to provide support
for active learning’. In addition to other training, Bird’s director spent 2—3 h per semester on mathematics
active learning pedagogy, such as questioning and collaborative problem solving. Tutors were provided
with many opportunities for feedback from both peers and the director. During training sessions, tutors
performed simulated tutoring for feedback and were given feedback on end-of-semester self-evaluations.
Tutors not meeting expectations for tutor effectiveness would meet with the centre leader to discuss
‘how their behaviour could shift, what approaches they should take’. If the tutors did not improve, they
were paired with a more expert tutor and worked fewer hours. Achievement of the centre’s mission
is directly reflected in student feedback that ‘the [centre] provides an active learning experience—
students are not given answers but are forced to learn’. The training tutors received emphasized active
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FiG. 6 Client satisfaction measure as average visits per student attending for centres sorted by observability.

learning, mechanisms for tutor feedback regarding their tutor performance contributed to positive client
satisfaction.

Hamster and Dolphin had 4.58 and 4.35 visits per student attending, respectively (Fig. 6), which was
low compared with other institutions. Hamster and Dolphin each had unique situations regarding student
satisfaction surveys. Hamster did not conduct student satisfaction surveys; however, anecdotally, two
common complaints were (1) there was not a tutor who could help the student with a certain subject
at a given time and (2) ‘tutors sit around and don’t do anything, only give answers rather than help,
and don’t seem to care about helping.” These complaints indicate issues with tutor scheduling and
communicating hours for specific courses with students. However, perhaps more important, complaints
about tutor interactions likely stemmed Hamster’s co-directors’ inability to directly hire, mange, tutor
and evaluate tutors.

Hamster was unable to directly hire or supervise tutors as tutor assignments were based on teaching
staff contracts and GA assignments. Tutors were ‘typically well qualified, though they are not always
familiar with subjects that they have not taken’, leading to each tutor tutoring a different subset of
courses. The centre’s inability to hire tutors meant they could not seek out tutors with desirable
characteristics. Had the centre been able to directly hire tutors, they may have been able to more
equally distribute the mathematics qualifications of tutors to ensure tutoring was offered for all courses
during open hours. In addition, because tutors were not managed by the co-directors, there were
no mechanisms in place to evaluate or report tutors not meeting expectations. For example, centre
leadership reported, ‘ideally a tutor would at least acknowledge a student coming in and ask if they
need assistance (once they’re seated at settled).” However, the tutors did not meet this ideal ‘at all.’
Instead, ‘tutors sit at tables and work on their own work or play on their phone and occasionally
look around to see if anyone has their hand up.” Hamster’s co-directors had no means of improving
tutor performance. Furthermore, the process for training tutors at Hamster was minimal, including
only how the tutoring worked. Tutors were provided online course review material, but its use was not
required. The centre’s inability to hire, manage and train tutors likely contributed to poor service and low
return rates.
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Despite Dolphin’s low rate of student return, end-of-appointment student surveys completed were typ-
ically complementary, with rare complaints about centre hours or a tutor struggling with a mathematics
problem. In addition, as this was the centre’s first year of operation, tracking the return rate longitudinally
could be used to track improvement. To address complaints of tutor knowledge, the centre could examine
tutor hiring and training used in the centre. Tutors were hired based on professor recommendation and
mathematics honour society membership, likely putting them top among their peers in terms of content
knowledge. However, the director could introduce processes to help tutors review content prior to session,
creating a procedure by which students inform the tutor of topics they wish to cover in the session, or
train tutors in how to either use resources or request help from an instructor, as needed. It may also be
beneficial to set student expectations ahead of time that tutors are not instructors and may not have the
answers right away but will help students work towards solving the problem together and model using
resources. This type of assistance aligns with two of the centre’s guiding principles: active learning and to
create independent learners. Further, as a centre with low stability, Dolphin can also focus on institutional
legitimacy. Ensuring centre services and processes align with the centre mission as key aspect of their
performance assessment.

6. Summary and Implications for Practice

By using Lee & Nowell’s (2015) framework adapted for mathematics centres, centres can get a much
fuller picture of their performance. Previous evaluations for centres have focused primarily on outputs
(number of visits), behavioural change outcomes (correlating visits to grades) and client satisfaction
outcomes (student surveys). However, Lee & Nowell’s (2015) framework takes into account performance
dimensions outside of outputs and outcomes. These additional performance dimensions paint a fuller
picture of the state of a centre and bring to light the interactions among the dimensions. For example,
while centre visits at Dog had a positive effect on grades, observation of what occurred in the centre
showed tutors enacted less student-centred pedagogy when the centre was crowded. The centre was
using its existing resources efficiently but did not have enough funding for additional tutors. Their
relationship with funders in the past had allowed them to request and receive additional funding.
Centres can dig beyond outputs and outcomes to understand why these outputs and outcomes come
to be.

In addition, previous evaluations have compared tutoring versus no tutoring in order to demonstrate
the need for a mathematics centre on campus. Comparing across institutions begins the process of
establishing professional standards or ideals to which centres can aspire. For example, Bird can see
that compared with other institutions, it has a strong performance on average visits per student attending
but low performance on percent of eligible students visiting. These comparisons set benchmarks and
allow the centre to turn inward to look for process improvements. Bird can see that students are satisfied
once they attend, but the centre may need to improve marketing processes, the centre’s image or network
with instructors to get students in the door the first time. Centres can use the performance data reported
in this study to determine how their centre’s performance compares.

Further, centres can use the performance dimension contingencies in Lee & Nowell’s (2015) frame-
work to select measures which align with the centre’s structure. Centre leaders who are able to spend
significant time observing tutors can focus on high observability focal dimensional of the end-to-end
process of inputs to outcomes (Fig. 1). These centre leaders are more likely to see how the details of each
tutor-student interaction may promote or constrain targeted student behavioural changes. For example,
Horse can observe tutor-student interactions to determine if professional standards of interactions
(accepted teaching behaviours) are occurring and then adjust training accordingly. While centres with
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low observability cannot observe tutor-student interactions, they can use student satisfaction surveys to
locate areas for improvement. Hamster’s common complaint that tutors ignored students indicates a need
for improvement in tutor motivation. Based on their structure, centres can select appropriate performance
dimensions from Lee and Nowell’s framework which will be useful both for internal improvement and
external funding support.

7. Limitations and Future Work

The primary limitations of this work include the cases selected and the data collected. While the cases
for this study were selected purposely from the secondary data, the cases in the original study were
selected from a convenience sample of math centre leaders who had attended a workshop for mathematics
centre leaders, were interested in conducting research and had access to specific student data. These
individuals are not representative of the broader mathematics tutor centre community. Glaser & Strauss
(1968) argued for selection of ‘any groups that will help generate, to the fullest extent, as many properties
of the categories as possible, and that will help relate categories to each other and to their properties’ (p.
49). Under diverse conditions, different aspects of the theoretical case will be salient. Future work can aim
to flush out this work by examining additional cases which differ on key features of those representing
in this work (Charmaz, 2000) for improved validity.

Data were also collected for only a single fall semester. The quantitative data did not capture the
full annual picture of a centre’s performance. In addition, data examining tutor centres’ performance
over time could be used as an aspect of external validity for data triangulation or as a unit of analysis
(Denzin, 1970). As an aspect of external validity, additional sources of data would not only reduce
investigator bias but also add additional angles with which to examine the phenomenon. As a unit of
analysis, forming a longitudinal or extended case study (Thomas & Myers, 2015) would have allowed
for comparing and contrasting or performance within an institution. Future work can collect centre data
over several semesters in order to both elaborate on the findings of this study and expand the work
to demonstrate who longitudinal within centre data can aid in performance assessment. In addition,
future work can examine the unit of analysis to be the broader university, conducting a case study on the
collective (Denzin, 1970). Tutor centres do not exist within a vacuum and are subject to institutional and
societal influences. One could examine the processes by which the mathematics department culture or
university structure impacts a tutor centre. Finally, additional studies are needed which utilize interview
and survey techniques to collect data directly from students, tutors, faculty and administration, as well
as researcher observations regarding tutor centre operations to add to depth of data and validity.
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