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Abstract: A student-centric Math Coach website guides incoming students through 
placement assessment, reassessment as appropriate, and enrollment. Math placement 
is a pigeonholing process, and inherently involves an array of sub-instructions and 
information relevant only to some students. Controlled content flow improves retention of 
essential information and minimizes exposure to irrelevant and potentially alienating 
information. UCSC course outcomes data forms the backbone of the advisory content: 
students are shown the odds of various outcomes based on reassessment and 
enrollment decisions. Content for low-scoring students supports the development of 
self-efficacy and sense of belonging; high-scoring students are encouraged to enhance 
existing strengths.  
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A brief introduction to the UCSC Math Coach 
In Fall 2016, the UCSC Division of Student Success put out a call for proposals for projects to 
be supported by a University of California Office of the President (UCOP) One-Time Allocation. 
A proposal for the development of an online math placement “concierge” and analysis of related 
math placement data was selected for funding; work on the project began in winter 2017, and 
the UCSC Math Coach site was fully operational by the beginning of May, the deadline for 
incoming frosh to submit their Statement of Intention to Register and transition from admissions 
processing to preparation for arrival at UCSC. 
 
Primary goals of the Math Coach project:  

● Enhance student math self-efficacy and sense of belonging. 
● Increase retention and reduce time to major declaration and graduation. 

 
Primary objectives of the Math Coach project:  

● Provide clear, pertinent information about UCSC math placement and courses that 
supports sound decisions and actions. 

○ Improve ratio of relevant/irrelevant information. 
○ Support “need it now” searches for key content. 
○ Emphasize agency, opportunity, and choice. 

● Reduce repetition of high school course work and strengthen performance in college 
math courses. 

○ Improve assessment technique–reduce last minute assessment, self-sabotage, 
and attempted gaming of assessment. 

○ Increase use of the ALEKS PPL Learning Modules for targeted self-remediation, 
particularly pre-arrival. 

○ Reduce enrollment below placement, whether due to low self-efficacy or 
attempted GPA-boosting. 

 
Shifts in placement and enrollment outcomes suggest that the Math Coach is meeting the 
primary project objectives. Assessment of progress towards the primary goals will begin next 
year, when most students who were incoming frosh in 2017 will declare their majors and many 
students will have completed the math sequences (if any) required for their major.  



Student feedback  on the Math Coach has been positive, with frequent praise of the ease of 1

use. Some representative comments: 
 
It’s informative and it doesn’t make me feel intimidated by reading it.  
 
Very easy to follow steps for math placement. I like the layout, it flows very easily and 
presents options clearly. 
 
Very easy to navigate and gets straight to the point. 
 
Appears to be what I would have needed back then. Answered the main question I had 
back then almost immediately (AP score credit). 
 
I like it because it tells you important dates. 

 

Background 

UCSC’s preparatory math crisis 
Five years ago, UCSC’s rapidly increasing enrollment in the preparatory math courses reached 
a tipping point. Enrollment in the developmental math course College Algebra had rapidly 
increased, from under 500 in 2011-12 to almost 800 in 2014-15. Given that UCSC students who 
place into College Algebra typically struggle in subsequent math courses and are less likely to 
graduate, this was a dangerous trend. Enrollment in Precalculus increased by more than 400 
students over the same interval, peaking at 2055 students in 2014-15.  
 
Preparatory course growth outstripped resource growth, forcing diversion of instructional 
resources away from calculus courses and more advanced mathematics courses. In Fall 2014, 
the scramble to create additional preparatory offerings at the last minute to accommodate 
demand for the preparatory courses triggered a review of the placement process.  While some 
of these increases were presumably due to shifts in student demographics, concerns arose that 
the recently adopted online Math Placement Exam might be placing students below their true 
skill level. The decision was made to search for a new placement system. 
 
While the risks of placing students into too advanced a course are clear, placing students below 
their true skill and knowledge level is also dangerous. Overestimating a student’s current 
knowledge and skills can set them up for failure in their first math course; underestimating a 
student’s current abilities can retard academic progress, undermine self-efficacy, lead to 
boredom and academic disengagement, and reduce the likelihood that they will complete their 

1 As part of a June 2017 math placement student survey, students were asked–if they were 
willing to take the additional time–to visit the Math Coach site and provide feedback. Since 
these students had completed Math Placement before the Coach site was developed, they were 
doing so simply to be helpful. 76 students responded, and the results were predominantly 
positive. Almost all negative comments addressed Math Department policies, not the Coach site 
itself, but some students thought that the graphic design could be improved. 



degree. Students who plan to major in a STEM field risk an increased time to degree if they 
must complete preparatory coursework before beginning a calculus sequence.  
 
Concerns about the Math Placement Exam (MPE) itself were parallelled by concerns about the 
placement process. The online placement exam was available only for relatively short periods of 
time coordinated with enrollment windows. This policy was a holdover from the era of the 
previous math placement exam, a Scantron multiple choice exam administered on campus, with 
little or no justification given that the MPE was an online, unproctored exam. Students were 
allowed to reassess once, but were not encouraged to, and had only a short window of time in 
which to prepare for reassessment. Very few students took the MPE a second time, and 
surprisingly few of those students improved their placement.  2

Supporting an increasingly diverse student population 
UCSC is a Hispanic Serving Institution with a diverse student population. Many of our students 
come from affluent Bay Area communities, while many others come from predominantly Latinx 
rural agricultural communities in the Central Coast region. Recruitment and retention of skilled 
math teachers in those small, relatively isolated rural communities is difficult, despite efforts 
supported by the NSF Noyce Scholarship program to bring recent graduates of UCSC’s math 
credential program to high need school districts, while the Bay Area is home to many 
exceptional public and private schools. 

 
Accurate placement, effective preparation and instruction, and supportive communication are 
crucial for educationally disadvantaged students' academic success and self-efficacy. Students 
from under-served schools often have difficulty recalling and effectively utilizing their basic math 
skills, but it can be disheartening and significantly delay time to graduation in STEM majors to 
be “sent back” to a course taken years earlier. The likelihood of on-time completion of a STEM 
major drops dramatically with each additional term beyond the “expected” number needed to 
complete the relevant introductory math requirements.  
 
Stereotype threat in high stakes assessments is a serious burden for many under-represented 
minority and First Generation students. Performance under pressure is, of course, a valuable 
skill in many contexts, but  

● the pressure is far from equal for our students—societal expectations and 
personal/financial consequences vary dramatically, and 

● that’s not what our math placement process is supposed to assess. 
 

Stereotype threat skeptics sometimes make the argument that the theory of stererotype threat is 
trying to explain outcomes that don’t need explaining—if privileged white and Asian students 
were getting low test scores, then they’d see the need for some research, because that’d be 
weird. An entirely skills-based explanation for average score differences between 

2 The limited improvement was particularly surprising and disturbing because there was only one version 
of the test. Students who retook the exam were answering the same questions that they’d seen the first 
time.  



socio-economic groups seems to have the appeal of keeping responsibility for the problem at a 
distance; it’s nicer to think that any harm happened before we met the students, that our 
processes are unbiased and highly accurate, and if our efforts to build up their skills aren’t 
successful that’s because there was just too much damage for us to fix.  
 
The first step in seeking an accurate, equitable placement process is to acknowledge that any 
such process is far from perfect, and that performance in math assessment is strongly 
influenced by non-mathematical factors, some of which we can modify (e.g. known triggers for 
stereotype vigilance) and others over which we have no control (e.g an all-around lousy day). 
We can then evaluate tools with an eye to minimizing risk factors and reducing the influence of 
“external” stressors.  

The placement and remediation tool: ALEKS PPL 
In 2015, UCSC adopted the adaptive learning and assessment system ALEKS PPL for math 
placement. ALEKS offers low-stress adaptive assessment, which reduces the negative effects 
of stereotype threat, and supports cycles of guided self-study and reassessment. However, 
students must understand and trust in the differences between ALEKS and conventional 
standardized tests to fully benefit from those differences.  
 
The adaptive learning system ALEKS PPL (PPL stands for Placement, Preparation, and 
Learning) offers a cost-effective approach to giving students detailed information about where 
they are mathematically when they decide to come to UCSC, where we want them to be, and 
how to get from one state to the other. Adaptive tools respond to a student’s interactions in real 
time, automatically providing content relevant to the student’s demonstrated need. In ALEKS, 
each student can follow a unique pathway, determined by knowledge space models and 
probabilistic optimization techniques, through the material they need to master, or can choose 
topics from among those that ALEKS has determined they are ready to learn.  
 
Each adaptive, free response placement assessment poses approximately 30 questions and 
covers topics ranging from developmental math through precalculus. Much like a human 
examiner or interviewer, ALEKS attempts to map out the boundaries of the test-taker’s 
knowledge, spending little time in areas where the student’s mastery or unfamiliarity is obvious. 
As an assessment progresses, the AI makes inferences about the topics a student does or 
doesn't understand based on the student’s answers to the questions already posed; these 
inferences guide the selection of the remaining questions. The assessment score is the 
percentage of the full calculus-ready knowledge state occupied by the student’s current 
knowledge state as estimated by ALEKS, not the percentage of correctly answered questions. 
This facilitates accurate placement over a very broad range of skill levels. This is a very 
attractive aspect of ALEKS, given the huge range of knowledge and skills represented in our 
student population.  
 
 

https://www.aleks.com/about_aleks/tour_ai_intro


In addition to their overall placement score, ALEKS PPL gives students detailed information 
about their current math skills. In preparation and learning mode, ALEKS PPL guides the 
student to the evolving frontiers of their knowledge, offering them their choice of topics from a 
subset they’re considered ready to master. ALEKS PPL tracks every interaction; reports on 
student activity in ALEKS PPL could potentially be used to help students improve their study 
strategies and soft skills, or to target areas of greatest need in the lectures, discussions, or labs 
of the introductory courses.  
 
Remediation and reassessment is central to ALEKS PPL. The ALEKS PPL package offers 
students up to five placement assessments–the student’s best assessment determines their 
math enrollment eligibility–and six months free access to a Learning Module. ALEKS uses the 
information captured in the initial placement assessment to construct an optimized learning path 
for each student, so that progress in the Learning Module is typically rapid.  ALEKS Corp has 
found that, on average across the colleges and universities using ALEKS PPL for math 
placement, 85% of students who reassess improve their enrollment eligibility. UCSC requires 
that students work in their Learning Module for at least five hours before reassessing; even 
though most students work for no more than a few minutes beyond that mandatory five hours, 
UCSC’s average rate of eligibility improvement has been within one or two percent of the 
national average.  
 
To appreciate the value and validity of reassessment, it is essential to know that each 
assessment is created question-by-question in response to the student’s answers. The question 
bank in ALEKS PPL contains tens of thousands of distinct problems, and the sensitivity of the 
artificial intelligence driving ALEKS makes it unlikely that a student will be able to predict 
upcoming questions or will see questions on reassessment that closely resemble those from 
earlier assessments. Hence cramming is unlikely to make a significant artificial boost in scores.  
 
Making students fully aware of their reassessment opportunities and the unique structure of 
ALEKS PPL assessments (48 hours to complete an assessment, with the possibility of taking 
breaks) reduces the impact of stereotype threat and math anxiety. ALEKS’ assessment 
structure, topic scores, and Learning Modules work together to provide opportunities for efficient 
review and reassessment that are particularly valuable for underrepresented minority and 
first-generation students; by pinpointing weaknesses and offering precisely targeted 
remediation, ALEKS helps students fill in gaps and reinforce weak mastery with a few hours of 
self-study. Immediate feedback after every exercise builds self-efficacy and motivate continued 
practice. 

The need for additional placement support 
ALEKS is a powerful tool, but like most tools, it’s only useful if it’s used and is most useful if it’s 
used properly. Many students need guidance and encouragement to fully benefit from ALEKS’ 
capabilities. Low math self-efficacy and negative expectations regarding assessment can be 
strong deterrents to full engagement with the placement process, and “been there, done that, 



KAPLAN is my co-pilot” gamemanship can lead confident students to rush through their 
assessment, making informed guesses rather than carefully and completely solving each 
problem.  
 
An essential component of the new math placement process involves convincing students who 
would benefit from remediation to work in ALEKS before they get to UCSC. Rather than simply 
saying “Here's your math placement score. See you in a few months or weeks”, our goal is to 
channel and exploit students' excitement and enthusiasm about coming to UCSC, helping them 
to reanimate moribund skills, boost their math self-efficacy, and develop confidence in unfamiliar 
pedagogic approaches. The instructional structures central to the “first year” math courses at 
UCSC–very large lectures, discussion sections, and office hours–will be new and hence 
potentially alienating to most incoming students; a positive experience with ALEKS and the 
math placement process helps to build student trust in UCSC.  
 
When students are ready to take an important step, we don’t want minor doubts or confusion to 
delay that step. Students who feel frustrated because they can’t find the answer to a question, 
neglected because of slow turn-around, or stupid for having been confused once they know the 
answer face an increased risk of suboptimal performance due to stress. Their sense of 
belonging may be weakened by the negative experience and further undermined if their 
placement is lower than it could and should be. First Generation students are particularly 
vulnerable. 
 
UCSC’s communication with students regarding math placement traditionally had an 
authoritarian tone that reflected a perception that students were a captive audience, because no 
one would take a math class unless they had to.  “All” the placement facts and requirements 
were posted online, but it wasn’t easy for students to find the information they were looking for, 
much less the information they didn’t even realize they needed. Over-reliance on highly 
specialized administrative terminology sometimes resulted in misunderstandings that negatively 
influenced student perceptions of UCSC . 3

  
Some key weaknesses or limitations of the organization and design of the previous relevant 
advising and departmental webspaces: 

● Organization 
○ Grouping of information was guided by administrative perspective, which often 

doesn’t align with student needs/expectations. 
○ Too much essential information lumped together in one place–difficult to filter, 

prioritize, and retain content.  

3 Students who are unaware of the UCSC-specific interpretation of a particular word or phrase, 
and replace it with another term that is synonymous with their interpretation of the original term, 
can become extremely frustrated and even belligerent. They don’t realize that they’re 
paraphrasing what they actually read or were told, much less that their rephrasing has 
significantly altered the meaning; some think that they’re being lied to or being accused of lying.  



○ Too much irrelevant information–student sense of belonging is weakened by 
exposure to large amounts of prominently displayed information meant for other 
people.  

● Vocabulary 
○ Negative phrasings: emphasis on the consequences of failure to meet various 

deadlines and cut-offs. “Must” and “students who don’t” were ubiquitous; “can” 
and “students who [do]” were rare.  

○ Jargon-heavy statements conveyed expectations that students should already be 
familiar with UCSC processes.  

○ Some terms with common meanings were used in a more restrictive, 
UCSC-specific sense without clarification, leading students to believe they’d been 
misinformed.  

● Look/style 
○ Pages were difficult to view on small screens; some pages were truncated and 

others required an excessive amount of scrolling.  
○ Dense, text-heavy pages made visually searching for specific content difficult. 
○ Bare bones, generic web design sent a tacit “we don’t care” message.  

 
UCSC’s math placement and enrollment policies create a de facto uni-directional guided 
self-placement process: we allow only downward freedom of choice, but no upward flexibility. (In 
comparison, the UCSC Writing Program grants no flexibility–the level of each student’s first 
writing course is determined solely by their placement.) Students can enroll below their 
placement–but not above it–and are not required to review and reassess if they initially place 
into a developmental course. Traditionally, many advisers have recommended that students 
“take it easy” in their first college math course; overcoming the folklore that it’s advantageous to 
start by repeating a high school requires a significant investment in communication. 

Outcome-oriented communication: nudging students towards 
success 
Organization of UCSC placement, enrollment, and major requirements webpages has 
apparently traditionally been based on the unrealistic assumption that students will read, 
understand, and retain all of the relevant information–and then use that information to their best 
advantage–even though the staff responsible for those sites routinely bewail students’ failure to 
read or comply with essential instructions. Online communication is still commonly relegated to 
a “just the facts, ma’am” role, with meaningful guidance being reserved for one-on-one or “small 
group” advising sessions, although UCSC’s rapid growth has outstripped campus advising 
resources.  
 
In designing the Math Coach, we sought to organize site navigation and page content in ways 
that would maximize the likelihood that students would respond optimally to their interaction with 
the Coach, with optimality being determined by in-depth analyses of course outcomes and 



related data. Students are informed about all of their options, but they’re told about the most 
promising options first, and with the greatest enthusiasm. We use nudges , as studied and 4

popularized by Thaler and Sunstein, to influence student actions.  
 

A nudge, as we will use the term, is any aspect of the choice architecture that alters people's 
behavior in a predictable way without forbidding any options or significantly changing their 
economic incentives. ...  Putting fruit at eye level counts as a nudge. Banning junk food does 
not. 

Richard Thaler and Cass Sunstein 
 

Two nudge techniques used in the Math Coach to increase review and reassessment activity - 
increased salience of the most promising option and social proof heuristics - have been both 
effective and controversial. Students who initially place into eligibility only for a preparatory course 
(college algebra or precalculus) are shown information about reassessment outcomes before they 
are shown which courses they can enroll in if they don’t reassess, signaling that review and 
reassessment is the expected behavior. There has been persistent pushback from advisers against 
this approach. 

UCSC historically showed students who had taken a math placement exam a conversion table: 
if your placement score is in this range, you’re eligible to enroll in these courses. Information 
about review and reassessment was limited to permission to reassess once, and was given in 
the “fine print” about the placement exam. If students read that information at all, it was probably 
before they assessed, not after they knew their score, when it would be most relevant.  
 

 
Traditional UCSC placement chart: no mention of reassessment. 

 

4 Nudge: Improving Decisions About Health, Wealth, and Happiness . R. Thaler and C. Sunstein. 
2008. 
 

https://en.wikipedia.org/wiki/Richard_Thaler
https://en.wikipedia.org/wiki/Cass_Sunstein
https://en.wikipedia.org/wiki/Nudge_(book)


From the perspective of nudge theory, the traditional conversion table and placement exam 
information discouraged reassessment and nudged students to stick with their initial placement. 
Many advisers seem to have been heavily influenced by these earlier nudges, and apparently 
believe that reassessment is a dubious and risky option. Student enrollment in the courses their 
improved placement qualifies them for is still commonly characterized by advisers as “skipping” 
or “jumping over” the lower level courses, in spite of a few years of efforts to convince advisers 
that reassessment is a core component of the placement process.  
 
To improve the odds that students who could benefit from reassessment will seriously consider 
it, the course column in the old score/tier/course conversion table has been deleted. The new 
chart still shows the ALEKS score to Math Placement tier conversions, because those 
relationships are fixed , but information about course eligibility and remediation is presented 5

separately for students placing into preparatory course-only eligibility and students placing into 
calculus eligibility.  
 

● Students who place into eligibility only for preparatory courses, and could benefit from 
review and reassessment, are first informed about the high probability that they can 
improve their placement with a modest investment of time and effort. Content about the 
UCSC preparatory courses follows content about placement improvement, and sits 
alongside (immediately below in mobile format) information about community college 
preparatory courses.  

● Students who place into eligibility for at least one of the four calculus sequences are 
directed to information about those sequences, and to infographics showing the 
advantages to A-seekers of polishing their precalculus skills with a few hours of 
self-study even if their skills are already relatively strong.  
 

 
Post-assessment communication bifurcates into preparatory course-eligible  

and calculus-eligible streams immediately after posting of scores is explained. 
 

By increasing the salience of reassessment, we not only remind students who could benefit 
from reassessment about that option at the time they learn that it’s a pertinent option for them, 
but signal that it’s a good option to choose.  

5 Fixed from the student’s perspective. We will adjust the ALEKS score cut-offs for the placement tiers if 
future course outcomes indicate that the current cut-offs are yielding disadvantageous placements. 



Presenting statistical data to math-averse students  
Students with low math self-efficacy and a habit of avoiding math are a top priority in the 
outreach efforts driving the Math Coach project, but these students are unlikely to read, much 
less be moved by, tables of learning outcome statistics. To reach at risk students, we present 
key data in eye-catching, accessible–but not patronizing–formats.  
 
Students enrolled in a second-term developmental math course were particularly valuable 
assistants in this aspect of Coach design. As part of the survey and interview process that the 
helped tune the Coach, the students were shown several different infographics that all 
presented the same reassessment outcome data, and were asked about their reactions to those 
images. Some questions addressed the clarity and persuasiveness of the graphics; others 
asked if the students would have felt intimidated or discouraged by the data, or condescended 
to by excessively “cutesy” versions. The clear winner was the emoji face grid. 
 

 
Informal, simple infographics are used in a Math Coach page targeting low-placing students 

 
To provide an engaging but accurate graphical representation of the reassessment outcomes 
summarized in the text earlier in the page, we use a grid of 21 faces, representing 21 typical 
students who initially placed into the given tier. The colors and facial expressions associated to 
each tier (and thus enrollment eligibility cap) were chosen to non-verbally indicate the 
desirability of that tier: 



● red, bummed: College Algebra–urgency, danger; 
● yellow, neutral: Precalculus–caution, opportunity;  
● green, grinning: Calculus with Applications–nature (life sciences), go ahead; 
● blue, smiling: Calculus for Physics, Mathematics, and Engineering–first place, freedom . 6

 
The emoji faces graphics invoke social proof heuristics–a simple, immediate flash of information 
that lots of students do this and it turns out well for almost all of them. In the Math Coach, 
information about the preparatory courses follows the infographics shown above, under the 
heading “What happens if I don’t improve my placement?” This positioning signals that taking a 
preparatory course is a good Plan B, if review and reassessment doesn’t result in adequate 
skills mastery. 
 
Given the increasingly poor outcomes for students in calculus-required majors with each quarter 
that passes between their arrival at UCSC and their successful completion of calculus, and the 
positive outcomes for students who pursue self-study and reassessment, we believe it is 
important to give initially low-placing students some hint that their current situation is 
sub-optimal. However, some stakeholder campus units disagree with this approach, and 
apparently present preparatory courses as the preferred starting point for students with 
disadvantaged backgrounds. We hope that confidence in learning analytics will increase and will 
eventually lead to improved alignment across advising communication channels. 

Helping high achievers excel 
Calculus-eligible students can also benefit from encouragement and targeted information. Brief 
descriptions of the four calculus sequences are accompanied by icons (gold Euro, green leaf, 
blue Jupiter, purple sigma) representing the groups of majors or interests for which each 
sequence is required or recommended. Each icon links to an explicit list of early math 
requirements by major, while each course number and name links to a page in the Course 
Guide with a more detailed course description. 
 
In 2018, we added an alphabetized list of early math requirements (up through single variable 
calculus) for all UCSC majors, with links to each major program site. This reference differs 
stylistically from most other Math Coach pages; it is intended to confirm and augment the 
qualitative groupings of majors used elsewhere in the Coach.  
 
Students who place into eligibility for the appropriate calculus course in their initial placement 
assessment have no enrollment-based reason to work in their Learning Module. Nonetheless, 
targeted review in their Learning Module can benefit many of these students, particularly those 
who scored close to the eligibility cut-off for their course. Students who place into the 500 tier 
(85-100% mastery) are significantly more likely to earn high grades than those placing into the 
lower, but still calculus-eligible, tiers.  

6 The 400 and 500 placement tiers were grouped together, since Honors Calculus (500 tier) is 
not required for any major, and is typically taken by fewer than 50 students each year. 



 
The graphical presentation in the Math Coach of course outcomes grouped by placement tier 
differs stylistically from the presentation of the reassessment outcomes for students who aren’t 
initially calculus-eligible. While color is still used to signal desirability of outcome, bar charts are 
used to create a relatively conservative, “science-y” look. The presentation format and text were 
selected with the intention of motivating competitive students to use ALEKS to prepare for their 
first UCSC math course without intimidating students near the eligibility cut-off. UCSC uses 
pass/no pass and “B or better” data when assessing placement outcomes; we sought to reflect 
that focus–without explicitly referencing it–in our communication with students in the higher 
tiers.  
 

 
More formal, “mathy” language and comparative bar charts are used to show  

calculus-eligible students the advantages of targeted review in ALEKS 

Precalculus: powerful medicine that’s often misused 
Some of the most delicate and politically sensitive math placement communications involve 
Precalculus. Roughly half of the students who enroll in Precalculus each fall have already 
satisfied the math requirement for their major or are eligible for the calculus sequence for their 
major, and data from recent years suggests that taking Precalculus at UCSC typically isn’t 
beneficial for students who already possess the skills taught in that course. The percentage of 
overqualified students in Precalculus is significantly higher for some demographic and academic 
groups, including some groups who are traditionally underrepresented in STEM. Historically, a 
large portion of the students taking Precalculus have majors that don’t require calculus ; a few 
extremely popular majors(particularly Psychology) have a math requirement that can be 
satisfied by placing into calculus-eligibility or by math coursework, and many students 



mistakenly believe–and many advisers incorrectly state–that the math requirement must be 
satisfied via coursework.  
 
There seems to be widespread agreement that data suggesting that taking a particular course is 
correlated with relatively poor outcomes for some groups should not be shared with students, 
given the risk that students might interpret those results as showing that the course itself is 
detrimental. “Correlation doesn’t imply causation” is easy to say, but can be difficult to say 
convincingly, particularly when conjectures that grade differences are largely due to differences 
in confidence, motivation, etc.  that influence the decision to enroll below placement are still just 
conjectures. The challenge is thus to dissuade students who don’t need Precalculus from taking 
it without tacitly implying it’s poor preparation for calculus. 
  
To undermine the “repeating precalc = easy A” folklore, the Math Coach presents data 
indicating that calculus-eligible students don’t have a significant grade advantage in Precalculus 
over students who place into the course. The math requirements for Psychology and 
Environmental Studies are clearly stated at key points in the Coach site, to counterbalance 
inaccurate adviser assertions that Precalculus is required for these majors. Finally, the Coach 
provides information about courses specifically designed to satisfy UCSC’s Mathematical and 
Formal Reasoning general education requirement; the purpose of these terminal courses is to 
spark appreciation for mathematics, logic, and the quantitative aspects of the physical sciences 
in non-STEM majors.  

Developing soft skills  
The academic preparation and remediation opportunities offered by ALEKS PPL are not limited 
to subject-specific skills. ALEKS helps students develop their soft skills and serve as a stepping 
stone between between tightly specified and supervised high school course work and 
college-level study. Students who work in their ALEKS Learning Module and improve their 
placement prior to arrival at UCSC not only (re)gain specific math skills, but gain self-efficacy 
and see a clear, typically very prompt, reward on their investment. The initial unfamiliarity (for 
most students) of ALEKS and the placement process can–if students have positive, productive 
experiences–increase their receptiveness to innovative instructional approaches in their UCSC 
courses. 
 
ALEKS gives students a free rein while providing ample feedback to help inexperienced or 
insecure learners build confidence and stay on track. Students with low math self-efficacy must 
develop some confidence and independence to succeed beyond all but the lowest levels of 
mathematics. Experienced, confident students benefit from a flexible study environment that 
allows them to move through the material in ways that are most comfortable and efficient for 
them.  
 
Self-study in ALEKS will probably be unfamiliar and hence unsettling at first for many students, 
but a sequence of incremental successes builds students’ confidence in their ability to find their 



own way in challenging, but safe, settings. Students who have learned to anticipate negative 
consequences of mistakes may believe that it is safer to do nothing than to attempt anything 
they may not do “correctly”. Such students may need convincing encouragement, followed by 
ongoing frequent positive reinforcement and reassurance, to benefit from a self-study system. 
Many students are conditioned to expect and have come to rely on very close supervision and 
relationship-based learning. Timely, informed communication–whether face-to-face or via 
electronic media–should carry sufficient weight to counterbalance self-doubt, but not so much 
weight that it shifts the student’s attention away from the task to the authority figure.  
 
If left entirely to their own devices, some students may feel sufficiently threatened by the 
assessment and placement process that they’ll skitter away from their Learning Module, or have 
a difficult time feeling sufficiently comfortable working with ALEKS to spend much time with it. 
Some of these students benefit from reminders that accurate math placement will have an 
important effect on their future at UCSC, but it’s essential to present that influence as an 
opportunity that should be fully exploited, rather than a looming threat of failure. In the 
Assessment Guide, we encourage students to set thoughts about the future aside while working 
in ALEKS so that they can focus on the math.  

Site organization and style 
The Division of Student Success funding for development of the Math Coach included support 
for one quarter of support for graduate student researcher to assist with core technical aspects 
of site development and half a quarter support for an additional graduate student to provide 
assistance with site content.  
 
The web design specialist for the UCSC Math Coach was Sean-Ryan Smith, a Computer 
Science grad student working in the Interactive Systems for Individuals with Special needs lab 
(UCSC ISIS Lab) on human-computer interaction. Sean’s research interests, software 
development skills, and his personal experiences as an African-American in engineering made 
him a perfect match for the Math Coach project. Salvador Guerrero, a mathematics grad 
student, provided valuable input on Math Coach content and “voice”. His ample experience 
teaching preparatory courses as a TA at UCSC and instructor at local community colleges 
enabled him to predict key student needs and concerns, and to formulate supportive phrasings 
of essential but potentially intimidating information. 
 
To gain further insight into student needs, the Math Coach team created and administered an 
online student survey. This survey was administered to a small group of students for whom the 
placement process had arguably gone badly–students in the winter offering of Preparatory 
Math, a two-unit mentored self-study course. These students had scored low on their initial 
ALEKS PPL assessments and had neither reassessed nor taken a developmental math course 
(College Algebra or Preparatory Math) in the fall. They had all received several email the 
previous summer encouraging them to reassess and improve their placement, but a majority of 
them asserted that they didn’t know reassessment was possible. They were the students we 

http://isis.soe.ucsc.edu/


wanted to reach, and they proved to be valuable partners in the design and development 
processes.  
 
The design of the Math Coach site was guided by our perceptions of student needs and Sean’s 
human-computer interaction research. Information flow and pacing of presentation–how much 
content to include per page, how many links per menu, etc–has a powerful effect on information 
transfer, and hence was a key consideration in many aspects of the design.  
 

● Organization 
○ Align grouping of information with student needs/expectations. 
○ Prioritize smooth, well-paced information flow, avoiding floods, deserts, and 

bottlenecks. 
● Tone 

○ Present information in terms of opportunities, emphasizing positive 
consequences of actions. Reinforce message of choice rather than compulsion. 

○ Avoid UC-specific jargon and Bureaucratese. Reassure students that they aren’t 
expected to already know what’s going on.  

● Visual style  
○ Establish a brand that identifies the Coach as a support tool–an ally–rather than 

a conventional bureaucratic website. 
○ Use color and layout to positively influence user behavior and mood. 
○ Assume most users will interact with the Coach using a small screen device.  

The Guides 
Most information in the Coach in grouped into three guides: Assessment, Success, and 
Courses.  

● The Assessment Guide provides both instructions (video and text) for registering in 
ALEKS PPL and completing the first placement assessment, as well as advice for 
successful assessment. All UCSC students who will use ALEKS PPL for math placement 
should read the entire Assessment Guide, but site analytics suggest that many visitors 
jump to the end of the guide, start their assessment, and return to the guide on an “as 
needed” basis.  

● The Guide to Success provides essential information and guidance about placement 
tiers, enrollment eligibility, and reassessment; several simple infographics present 
crucial, hopefully persuasive data supporting the reassessment and enrollment advice. 
As described more fully below, students are directed only to those parts of the guide 
relevant to their current placement and academic goals.  

● The Course Guide offers brief descriptions of the “first year” UCSC math courses: two 
versions each of College Algebra and Precalculus, Preparatory Math, and four single 
variable calculus sequences. The guide provides information, including major/course 
alignments and topics covered in the course, that clarifies the relationships between 

https://mathcoach.sites.ucsc.edu/assessment/
https://mathcoach.sites.ucsc.edu/success/
https://mathcoach.sites.ucsc.edu/courses/


these UCSC courses, typical high school math courses, and the mathematical skills 
needed for success in UCSC majors. 

Site navigation 
With a few exceptions (e.g. the list of math requirements by major), Math Coach pages are 
relatively brief and focus on a few key points, so easy navigation between pages is essential. 
The WordPress Vantage theme used for the Math Coach features responsive display of menus, 
facilitating navigation on phones and other small screen devices.  
 
The Assessment Guide has forward and backward radio buttons at the bottom of each page, 
indicating that the guide should be read front to back by all students who will be assessing in 
ALEKS PPL. The Success and Course Guides do not have forward and backward buttons, 
since only some pages in each of these guides will be relevant to a particular student at a given 
stage in the placement process.  
 
The pages in the Coach are amply cross referenced to facilitate flexible movement within the 
site. “You should proceed along one of these pathways” branchings use large radio buttons with 
icons for links, while “more information is available if you want it” links are indicated with 
conventional blue text.  

Important dates  
When we surveyed students in the Preparatory Math course, many requested reminders and 
clear, readily accessible information about target dates and deadlines. Although they had 
repeatedly been emailed information about posting dates and the pre-Orientation deadline, they 
had not moved that information into a calendar, had forgotten the early email, and ignored the 
later ones.  
 
We decided that within the framework of the Coach site , the best approach to making it easy to 7

find key dates was to put them everywhere–a short list of upcoming important dates is centrally 
displayed on the Math Coach home page and in the sidebar of all other pages.  
 
Students are encouraged to set up an online calendar if they don’t already use one, and to link 
the Math Coach calendar to theirs via an automatic feed until they have completed all stages of 
the placement process. Instructions for subscribing to the calendar (and unsubscribing) are 
provided. Since UCSC LMS, Canvas, offers feeds from course calendars to students’ calendars, 
and the subscription process is essentially the same, subscribing to the Math Coach calendar 
isn’t a one-off learning task. 

7 Some universities have had better results contacting students via IM or Facebook than via email. We 
hope to pursue IM communication, but there are significant administrative and technical challenges to 
surmount. Given concerns about data privacy and security, we would only use Facebook for “generic” 
announcements, not targeted contacts, which limits the utility of the platform in this context.  



Help/FAQs  
Efficient mop up requires thorough knowledge not only of what should happen, but of the most 
common possibilities that shouldn’t happen, but might explain how someone got into trouble.   8

The overwhelming majority of questions or help requests that formerly came up had simple, 
standard answers/solutions. We have attempted to organize the information addressing those 
common difficulties in ways that will help students to efficiently find the information they need, 
using students’ characterizations of the situation (e.g. “ALEKS won’t let me…”) as labels.  
 
Given that many students (re)assess at the last minute and/or work in ALEKS outside business 
hours, the Math Coach Help page was designed to minimize unnecessary delays in problem 
resolution. 

● “Look Again” provides links to information students may not understand or recognize as 
important until they need it. 

● “Ask Someone Else” directs students to the appropriate campus units for questions and 
problems that fall outside the math placement domain, reducing frustrating delays and 
redirects. 

● “SOS” gives links to two Google Form-based help request tools are available –one 9

allows attachment of files (screenshots of the student’s ALEKS dashboard or UCSC 
portal are invaluable aids in many cases) but can only be used by students logged into 
Google with their UCSC CruzID (this limitation is Google’s), while the text-only form can 
be used from outside the UCSC Google-verse.  

● “Strategies for finding solutions” offers general purpose tips for debugging problems.  
 
The tone of the presentation/response can make a significant difference in the outcome. If 
students feel reprimanded for asserting that something doesn’t work, they may respond 
aggressively, doubling down on their criticism. Even worse, they may respond by concluding 
that they’re an outlier–either too stupid or too out of place to get what “everyone else” 
understands.  We avoid saying “you didn’t” or “you should have”, apologize for confusing 
information and inefficient processes, and try to explain the reasons for counter-intuitive 
policies.  

8 In various forms of rugged terrain racing (equestrian, motorcycle, mountain bike…), the mop up crew 
goes out if any competitors haven’t completed the race within a reasonable time. The crew consists of 
experts in that form of competition who are very familiar with the area surrounding the course, can make 
informed guesses as to where someone might have gone off course and/or gotten into trouble, spread 
out, and efficiently locate and safely escort the truant competitors to the staging area.  
9 The traffic in the help request forms is typically extremely light, allowing monitoring on a 
volunteer basis by D. Lewis. However, an administrative score posting error in August 2018 that 
affected one or two dozen students served as an unintentional verification that students find and 
use the forms when they need them.  
 



Graphic design 
The importance of graphic design to students should not be underestimated. During the 
interviews with students in the winter 2017 Preparatory Math course, after they’d explored the 
“beta version” of the Math Coach site, several students commented on the design–colors, fonts, 
decorative images– and three gave extensive, detailed assessments and suggestions. Several 
of these suggestions were implemented in the Coach.  
 
Many students seem to use design as an indicator of the commitment of the entity the site 
represents to their goals, and their valuation of the target audience. Use of default fonts and 
backgrounds can be attributed to administrative laziness, a lack of interest in the project, or 
ignorance of current standards and fashions. For example, when ALEKS Corp introduced a new 
user interface a few years ago, several of the students using ALEKS in a UCSC College 
Algebra course who had used the old interface in math placement voiced strong “Well, it’s about 
time!” reactions. One student casually and contemptuously estimated the age of the old ALEKS 
user interface, noting the out-of-fashion color scheme, fonts, and page layouts; her estimate 
was impressively accurate, given how young she would have been at the time that interface had 
been introduced.  
 
Color was a powerful trigger for several students–the neutral colors used on the standard UCSC 
webpages and the templates for the UCSC Faculty WordPress sites were widely criticized as 
amateurish and banal. One student recognized that our original font and color choices were the 
defaults for that the WordPress theme and characterized the look as “baby’s first website” (she 
thought the content was fine). In an attempt to balance boldness and functionality, we decided 
to use a relatively strong color in the banner but keep the body of the pages white. After a brief 
crash course on color meaning/emotional content, green–associated with growth, safety, 
harmony, dependability–was selected.  
 
The WordPress Vantage theme used for the Math Coach has strong responsive capabilities. 
Responsive websites display differently on small screens (smartphones), medium-sized screens 
(tablets), and large screens (laptops and desktop machines).  

Music 
In guided self-study students have far more control over their learning environment than in most 
classroom settings; this freedom can work to their advantage or disadvantage. Well-chosen 
“distractions” can distract us from anxiety, impatience, and negative self-appraisal, freeing us to 
focus on the task at hand. Once someone engages with a nontrivial problem, the mental 
demands involved in solving that problem typically push environmental factors into the 
background. Those factors resurface when we’ve either come to a natural pause or endpoint in 
the solution process or are temporarily mentally out of breath; they can decrease the recovery 
time and help develop intellectual stamina.  



Almost all of our undergraduate “consultants” from Preparatory Math listed music as an 
important feature of their ideal study environment. To reduce the temptations offered by other 
smartphone features once the device was in hand, we built music access into the Math Coach, 
including a Spotify link in the sidebar. That link is a key component of the Math Coach brand, 
positioning the site as a support tool and study hangout.  
 
Based on student input, the Assessment Guide recommends using music to establish a 
productive mood while working in the Learning Module, and to soothe or stimulate during 
assessment. Chamber music for calm reflection, upbeat pop for “hell, yeah” confidence boosts, 
gaming playlists for intensive focus… music is a familiar mechanism for expressing and 
influencing mood and energy. We emphasize that mathematical performance is strongly 
influenced by emotional and environmental factors; music, physical comfort (snacks, a good 
workspace), and social support (nearby pets, study breaks with friends or families, propinquity of 
peers) can be valuable learning aids.  

Placement outcomes 
Ongoing assessment of placement behavior and course outcomes is a crucial component of the 
restructuring of math placement at UCSC. Assessment ranges from “core” outcomes monitoring 
by the Institutional Research, Assessment, and Policy Studies (IRAPS) unit of the UCSC Office 
of Planning and Budget that are available to stakeholders via a Tableau interface to in-depth 
exploratory analyses (many carried out by the author) designed to discover correlations that 
could guide interventions or to informally address stakeholder concerns (e.g. “old advisors’ 
tales” about course outcomes).  

Improving placement through self-study and reassessment 
 
Increased utilization of the review and reassessment features of ALEKS PPL is one of the 
primary objectives for the Math Coach project. While many factors influence placement patterns 
year by year (e.g., average prior math preparation), the data available to date shows that more 
students are reassessing in ALEKS, while the rates of improvement among reassessing 
students remain approximately unchanged, resulting in a significant increase in the percentage 
of students participating in math placement who move up to a higher placement tier. This 
suggests that the Math Coach has had a beneficial effect on reassessment activity.  
 
The number of students initially placing into the preparatory tiers has decreased, contributing to 
the overall improvements in calculus-readiness. In the first two years after UCSC’s adoption of 
ALEKS PPL, 65% of the students who assessed in ALEKS PPL were calculus-eligible upon 
completion of the placement process; in the two years since the implementation of the Math 
Coach, 87% were calculus-eligible upon completion of the placement process. Eligibility for the 
calculus sequence for engineering, physics, and mathematics increased from 55% to 69%.  
 



Before Coach: 2015 and 2016   With Coach: 2017 and 2018 

  
 

Placement tier results: percentage of students in each tier after initial placement 
assessment, in each tier after completing placement (this includes students who 

assessed only once, as well as those who reassessed at least once), and the 
percentage net shift from initial to best tiers.  

Enrollment eligibility caps: 100: College Algebra, 200: Precalculus,  
300: Calculus with Applications (life sciences) or Calculus for Economics,  
400: Calculus for Math, Physics, and Engineering, 500: Honors Calculus.  

Supporting diversity 
Demographic factors and prior academic experience unquestionably play a significant role in 
math placement and subsequent course success. Average assessment scores for Asian 
students are substantially higher than those for students in other ethnicity categories. Tier 
distributions for white and Latinx students are relatively close, particularly in the middle three 
tiers; the percentage of students placing into the highest tier is higher for whites, while the 
percentage in the lowest tier is higher for Latinx students. However, as is shown below, 
placement differences by ethnicity are dwarfed by those between initial assessments and the 
best of multiple assessments. Reassessment isn’t a perfect equalizer, but it narrows the gaps 
between demographic groups.  10

 
Rates of reassessment, and of improvement on reassessment, were comparable across key 
demographic groups. Reassessment provides a viable pathway to equity: Latinx students who 
reassessed placed, on average, higher than whites who assessed only once; the percentage of 
Latinx students who remained in the lowest tier after reassessment was only slightly larger than 
the percentage of Asian students who placed into that lowest tier and opted not to reassess.  
  

10  UCSC has relatively few students of ethnicities outside our “big three”–Asian, 
White/Caucasian, and Hispanic/Latinx–and standard deviations for this “Other ethnicity” group 
are typically large. 



  
Multiple assessments: 
initial placement 

Multiple assessments: 
best placement 

Single assessment 

 
100 tier  (0-59)      College Algebra  
200 tier  (60-69)    Precalculus  
300 tier  (70-74)    Calculus with Applications (life sciences) or  

Calculus for Economics 
400 tier  (75-84)    Calculus for Math, Physical Sciences & Engineering  
500 tier  (85-100)  Honors Calculus   

 
Assessment outcomes by ethnicity (summer 2016) 

Outer ring: Asian; second ring: White/Caucasian; third ring: Hispanic/Latino; inner pie: other. 
 
Differences in K-12 opportunities are believed to be a crucial factor in the disparities in 
placement across ethnic groups. The broad range of socio-economic backgrounds for UCSC 
students result in widely varying K-12 experiences and opportunities, with white and Asian 
students being more likely than Hispanic students to come from underserved school districts. 
Students from rural agricultural areas frequently have fewer options in their high school math 
courses than their peers from wealthier districts in tech-centric areas.  
 
Remediation and reassessment in ALEKS PPL reduces placement disparities resulting from 
opportunity inequities: among the respondents to a Fall 2016 survey, those reporting the lowest 
level of K-12 math coursework typically made the greatest improvements in placement if they 
reviewed and reassessed. Students whose reported last pre-UCSC math course was Advanced 
Algebra typically placed into the 100 tier, making them eligible only for College Algebra, but the 
average score among those students who’d last taken Advanced Algebra, but reassessed at 
least once was just one point below the cut-off  for the calculus sequences for economics or life 
sciences majors , with an average ALEKS score improvement of 25 points.  11

 

11 These calculus sequences make little use of trigonometry, and ALEKS scores in the low 70’s 
(eligible for the economics or life sciences sequences, but not the math/physics/engineering 
one) frequently differ significantly from those in the high 70’s in the Trigonometry and 
Logarithms & Exponentials subscores.  
 



Last pre-UCSC 
math course 

Single  
assessment 

Best of multiple 
assessments 

Improvement 
in assessment 

Adv. Algebra 53 69 25 

Precalculus 68 71 19 

Statistics 71 67 19 

AP Statistics 74 75 19 

Calculus 79 76 17 

AP/IB Calculus 78 79 19 

 
Mean placement scores vs last high school math course for Fall 2016 survey respondents. 

Enrollment eligibility caps: 0-59 (100 tier) College Algebra, 60-69 (200 tier) Precalculus, 
 70-74 (300 tier) Calculus with Applications (life sciences) or Calculus for Economics,  

75+ (400 and 500 tiers) Calculus for Math, Physics, and Engineering. 
 
We expect that incorporation of pre-UCSC math preparation data into placement and course 
outcomes analyses will play a valuable role identifying challenges faced by new students and 
designing effective pedagogic changes and interventions. It’s important to distinguish 
performance gaps due to differences in subject-specific skills from those resulting from 
differences in soft skills, and vital to distinguish between skills gaps and differences in levels of 
stereotype vigilance, sense of belonging, and other factors that can limit utilization of existing 
skills. For example, if the average grade for Latinx students with a score of 3 on the AP Calculus 
AB exam is below passing in the first term of a particular calculus course, while 
White/Caucasian and Asian students with the same preparation received significantly higher 
average grades, that might be a warning flag that students of color faced hurdles unrelated to 
math skills in that course. A simple demographics/grades analysis showing that Latinx students 
performed poorly in that course might attribute the difference in outcomes entirely to differences 
in preparation, and atypically large gaps might be attributed to “higher standards” rather than 
pedagogic problems.  

The Adaptive Learning Technology Pilot  
In 2015-16, three UC campuses–UCD, UCSB and UCSC–participated in the UC Adaptive 
Learning Technology Pilot (ALTP), deploying adaptive learning to enhance student success; the 
ALTP was part of the Budget Framework Agreement between the University of California and 
the state government. UC Davis (lead campus) and UCSB piloted use of ALEKS for summer 
remediation in introductory chemistry for incoming students, while UCSC piloted use of ALEKS 
PPL for math placement and self-study remediation. UCSC’s ALTP goals included improving 
student outcomes in introductory mathematics courses and reducing the need for 
developmental instruction through higher placement, narrowing or eliminating performance gaps 



between student populations, and improving retention and graduation rates, time to degree, and 
graduation in STEM. Detailed analyses of course outcomes for Fall 2015 and Winter 2016 were 
carried out by UCSC’s Institutional Research and Projects unit (IRAPS), led by Julian Fernald.  
 
The IRAPS analysis found that 84% of the 722 entering frosh who reassessed at least once 
before the start of the Fall 2015 quarter improved their placement by at least one tier. This is 
consistent with the 85% average rate of improvement in enrollment eligibility reported by ALEKS 
Corp across all colleges and universities using ALEKS PPL. The likelihood of moving up to a 
higher tier was substantially higher for students initially in the higher (and narrower) tiers:  
 

● ⅘ of the students who initially placed in the 100 tier moved up at least one tier; more than 
half became eligible to enroll in calculus (300 tier or higher).  

● More than 95% of the students who initially placed into the 200 tier moved up at least 
one tier, placed into calculus eligibility and satisfying the math requirements for the 
Psychology and Environmental Studies majors; 85% improved by at least two tiers.  

● All but five students who initially placed in the 300 tier moved up to the 400 or 500 tier. 
 
Students initially placing into the 100 tier actually made, on average, the largest score 
improvements in ALEKS. However, since the ALEKS score range associated to the 100 tier is 
0-59, while the intermediate tiers are associated to 5 or 10 point wide score ranges, a dramatic 
improvement in ALEKS did not always result in a tier improvement for students in the 100 tier.  
 
A key finding of the IRAPS analysis was that once demographic characteristics–race/ethnicity, 
gender, first generation status and Pell grant recipient status–and academic preparation (as 
measured by SAT Math scores and high school GPA) were taken into account, students who 
became eligible to enroll in a more advanced course after reassessing in ALEKS PPL were as 
likely to pass–and as likely to earn a B or better–as students who placed into that course with 
their initial placement assessment. Students who became eligible for Precalculus or Calculus 
with Applications after reassessment showed no disadvantage in grade points in comparison to 
students who initially placed into those courses, while the average grade point for students in 
Calculus for Physics, Mathematics, and Engineering who had initially placed below course 
eligibility and then improved their placement was slightly lower than for students who placed 
directly into the course. There were no differences in grades in a subsequent math class 
between students who reassessed and those placed directly into their first course.  
 
ALEKS PPL is not a magic bullet that eliminates the effects of all demographic and prior 
academic differences. Outcomes were better for students who placed into their target course on 
their first assessment, but those students typically belonged to more propitious demographic 
and prior academic performance sectors. 
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