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Abstract 

Every school district in the United States is bound by the same expectation: students must be taught the 

standards of the grade in which they are enrolled. Yet a large share of students arrive in each grade missing 

foundational knowledge that should have been mastered one, two, or even several years earlier. Because 

district policy rightly resists moving students backward, teachers have historically been left to "patch and 

hope," re-teaching fragments of earlier grades while attempting to cover the current curriculum. Vectored 

Instruction®, introduced by Acellus roughly a decade ago and now embedded automatically in every 

Acellus deployment, resolves this dilemma. When a student fails to demonstrate mastery of a grade-level 

lesson, a technology called Deficiency Diagnostics analyzes the pattern of the student's responses to 

identify the specific missing prerequisite. A second component, Customized Personal Instruction, then 

reaches back as many grade levels as necessary to rebuild that foundation before returning the student 

to the current lesson, all while the student remains enrolled in the grade-level course and on track for 

credit and graduation. 

This paper describes how Vectored Instruction works, summarizes the outcomes districts are reporting, 

and, for the first time, situates the method within the educational and cognitive science literature that 

explains why it works: learning hierarchies and the cumulative structure of knowledge, mastery learning, 

cognitive load theory, diagnostic assessment through distractor analysis, formative feedback, and the 

intelligent tutoring literature. It then offers practical guidance for teachers, curriculum designers, and 

textbook authors who wish to apply the principles of Vectored Instruction, explains why the method is 

particularly indispensable for students studying independently at home, and identifies research-based 

directions for the next generation of the technology. A closing section introduces the CyberSchool 

Initiative, through which local districts can sponsor supported home-study programs built on Acellus and 

Vectored Instruction. 

Keywords: Vectored Instruction, Deficiency Diagnostics, prerequisite knowledge, mastery learning, 

adaptive learning, learning gaps, grade-level instruction, independent study, CyberSchool 

1. Introduction: The Grade-Level Dilemma 

American education has spent decades debating how to help students who have fallen behind. The debate 

has produced summits, legislation, white papers, and committees. It has not produced a solution that 

operates inside the ordinary classroom, in real time, for every child. The 2024 National Assessment of 

Educational Progress (NAEP) reported that only 39 percent of fourth graders and about 28 percent of 

eighth graders performed at or above the Proficient level in mathematics, that a record one-third of eighth 

graders scored below Basic in reading, and that only 22 percent of twelfth graders were proficient in 

mathematics, with a record 45 percent below Basic (National Assessment Governing Board, 2025a, 

2025b). Independent recovery trackers report that the average student still needs the equivalent of four 

to five additional months of schooling to reach pre-pandemic achievement, and that gaps between high- 

and low-poverty schools have widened, not narrowed (Lewis & Kuhfeld, 2024; Fahle, Kane, Reardon, & 

Staiger, 2024). 
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Behind these aggregate figures is a structural problem that every superintendent recognizes. A sixth-grade 

teacher is required to teach sixth-grade standards. But if a third of the class never mastered fourth-grade 

fractions, the teacher must choose between two unsatisfactory options: teach the grade-level material to 

students who cannot access it, or spend instructional time re-teaching earlier grades and never reach the 

current curriculum. Superintendent Scott Borba of Le Grand Union Elementary School District in Merced 

County, California, described the situation with unusual candor: "My sixth-grade teachers were trying to 

teach sixth-grade curriculum, but they couldn't. They were too busy going back and filling in holes in third, 

fourth, and fifth grade" (Acellus Journal, 2026a, p. 10). The result was, in his words, "a domino effect of 

academic regression cascading through every grade level." 

The obvious remedy, placing the student back into the grade where the knowledge was missed, is not 

available. District policies, state law, and a substantial research base all discourage grade retention: the 

meta-analytic evidence shows no academic or socio-emotional benefit for retained students relative to 

promoted peers (Jimerson, 2001), and Hattie's synthesis places retention among the few common 

practices with a negative average effect on achievement (Hattie, 2009). Nor is the alternative, generic 

below-grade remediation, effective. Large-scale analyses show that students who are pulled into below-

grade-level work spend hundreds of hours per year on assignments that do not advance them, and that 

students who instead receive grade-level content with just-in-time support on prerequisites complete 

substantially more grade-level work and struggle less (TNTP, 2018; TNTP & Zearn, 2021). 

The dilemma, then, is this: the student must remain on grade level, but the student cannot learn grade-

level material without foundational knowledge that lives in an earlier grade. Vectored Instruction was 

designed to dissolve this dilemma rather than to manage it. It keeps the student in the grade-level course, 

detects precisely which prerequisite is missing, delivers exactly the instruction needed to repair it, and 

returns the student to the lesson, typically within minutes and often without the student realizing that 

anything unusual has occurred. 

This paper has four purposes. First, it describes Vectored Instruction in enough detail that a district leader 

unfamiliar with Acellus can understand how it works and can appreciate that it is not an add-on but an 

automatic component of every Acellus deployment. Second, it summarizes the outcomes that districts 

using the technology are reporting. Third, and most importantly for the research community, it examines 

the scientific literature that explains why the method works, drawing on more than fifty years of research 

on prerequisite knowledge, mastery learning, cognitive load, diagnostic assessment, feedback, and 

intelligent tutoring. Fourth, it offers guidance for practitioners and developers who wish to apply these 

principles in their own teaching, textbooks, and learning resources, and it identifies research-based 

directions for enhancing the technology going forward. 

2. Background: The Problem Vectored Instruction Was Built to Solve 

2.1 Knowledge is cumulative, and gaps compound 

Mathematics, reading, science, and the study of history are cumulative disciplines: each new concept 

depends on concepts learned earlier. Gagné (1968) formalized this as a learning hierarchy, a structure in 
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which a target intellectual skill decomposes into ordered subordinate skills, each of which must be 

mastered before the skill above it can be acquired. When a student fails at the top of the hierarchy, the 

most likely explanation is not a defect in the current lesson or the student's ability, but a missing element 

lower in the structure. Ausubel (1968) stated the principle in a single sentence that has become one of 

the most quoted in educational psychology: "The most important single factor influencing learning is what 

the learner already knows. Ascertain this and teach him accordingly." 

The empirical evidence for cumulative dependency is strong and specific. In two national longitudinal 

samples, Siegler and colleagues (2012) found that elementary students' knowledge of fractions and 

whole-number division uniquely predicted their algebra and overall mathematics achievement five to six 

years later, even after controlling for IQ, working memory, family income and education, and other 

mathematical knowledge. A fifth-grade fraction gap does not stay in fifth grade; it resurfaces as an algebra 

failure in tenth grade. Curriculum researchers have likewise shown that the highest-achieving nations 

organize their standards coherently, sequencing topics according to the logical structure of the discipline, 

whereas U.S. standards have historically been "a mile wide and an inch deep," which makes it easier for 

students to move forward with prerequisites unmastered (Schmidt, Wang, & McKnight, 2005). 

2.2 The classroom cannot go back 

A single teacher facing thirty students cannot pause the class to re-teach a fourth-grade concept to three 

students, especially when the remaining twenty-seven need something different. In a traditional setting, 

as the Acellus classroom guide observes, "either the student falls further behind, or the teacher must set 

up one-on-one tutoring to catch the student up with the rest of the class" (International Academy of 

Science, 2025, p. 20). Even the most committed teacher can seldom locate the precise missing concept 

for an individual student; doing so would require analyzing that student's pattern of errors, mapping the 

errors to a prerequisite structure that spans several grades, selecting the right instruction, and delivering 

it, all while teaching everyone else. Studies of teachers' ability to anticipate students' common wrong 

answers show that even experienced teachers predict them inconsistently, and that remediation 

authored from expert guesses rather than empirical error data does not reliably improve mastery (Gurung 

et al., 2023). 

2.3 One-to-one tutoring works but does not scale 

Bloom (1984) demonstrated that students tutored one-to-one under mastery conditions performed about 

two standard deviations above students in conventional classrooms, and he challenged the field to find 

methods of group instruction as effective as tutoring, the "2 sigma problem." Four decades later, meta-

analyses confirm that high-dosage tutoring produces meaningful gains (pooled effect of roughly 0.29 to 

0.37 standard deviations across randomized trials; Nickow, Oreopoulos, & Quan, 2024), but the same 

literature documents that effects shrink dramatically as programs scale: tutoring programs serving more 

than a thousand students average only about 0.16 standard deviations, because supply of skilled tutors, 

cost, and scheduling all bind (Kraft, Schueler, & Falken, 2024). With more than 425,000 teaching positions 

nationally either vacant or filled by under-qualified staff (Learning Policy Institute, 2026), the human 

capacity to diagnose and repair individual learning gaps at scale simply does not exist. 
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2.4 "Patching and hoping" 

For these reasons, most schools have defaulted to what may be called patching and hoping: re-teaching 

the current lesson more slowly, louder, or with different words; assigning generic review packets; labeling 

the student as "behind" or "unmotivated"; and moving on because the pacing guide requires it. As one 

keynote address put it, "the student didn't fail because the lesson was bad. The student didn't fail because 

they aren't smart enough. The student failed because somewhere, maybe a year ago, maybe three years 

ago, they missed something. A foundational concept. A building block. And without that piece, nothing 

built on top of it will ever make sense" (Billings, 2026). Vectored Instruction was engineered to find that 

piece and to fix it, in the moment, for every student, without removing any student from grade level. 

3. What Vectored Instruction Is and How It Works 

Vectored Instruction is a closed-loop instructional technology built into the Acellus Learning System. The 

name is deliberate. A vector has both magnitude and direction. When a student is stuck, Vectored 

Instruction determines the direction of the intervention (which specific prerequisite concept, in which 

earlier course or grade) and its magnitude (how far back to go and how much instruction is required) and 

then applies exactly that intervention before returning the student to the point of difficulty. It is not 

remediation in the conventional sense of a separate course, a pull-out group, or a review packet. It is 

targeted, just-in-time reconstruction of foundational knowledge, delivered inside the grade-level course. 

3.1 The normal learning cycle 

In an Acellus course, a student is presented with digital lessons: professionally produced videos in which 

an expert teacher introduces one concept at a time. Each video is followed by assessments designed to 

confirm mastery of that concept before the student advances. Assessments range from comprehension 

and mastery items aligned to the lesson's objectives to instructive assessments that teach through guided 

discovery (International Academy of Science, 2025; Billings, 2025). Under ordinary conditions the student 

watches, demonstrates mastery, earns credit toward the course, and moves to the next concept. Progress 

is visible to the teacher in real time. 

3.2 Detection: Deficiency Diagnostics 

Vectored Instruction engages when the normal cycle breaks down, that is, when a student is unable to 

progress through the assessments for a lesson. The first stage is a powerful and complex diagnostic 

technology called Deficiency Diagnostics. Its purpose is not merely to register that an answer is wrong but 

to determine why it is wrong and, specifically, whether the failure stems from missing foundational 

knowledge that should have been acquired in an earlier grade. 

Deficiency Diagnostics rests on an empirical discovery made over years of analyzing student responses 

across millions of learners: when students miss a question, they do not miss it randomly. Large 

percentages give the same wrong answers, and those patterned errors reveal the specific underlying 

concept the student is missing (Billings, 2026). Acellus therefore treats every incorrect response as data. 

Item distractors are engineered so that particular wrong choices correspond to particular misconceptions 
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or prerequisite deficits, and the system continuously gathers response data to determine why students 

are selecting a given wrong answer and where the specific learning gap lies (International Academy of 

Science, 2025, pp. 30–31). A related capability, Prism Diagnostics, takes a group of students who all missed 

the same item and separates them, as a prism separates white light, into distinct groups according to the 

different underlying deficiency each group has, so that "same wrong answer on the surface" leads to 

"completely different reasons underneath," and each student is routed accordingly (Billings, 2026). 

Two levels of response are available. For a discrete misconception within the current lesson, the system 

can trigger a targeted help video keyed to the specific wrong answer the student chose. Notably, that 

video does not reveal the correct answer; it redirects the student's thinking and returns them to the item 

(International Academy of Science, 2025, p. 30). When the pattern of errors instead indicates that the 

student lacks a prerequisite concept, one that belongs to an earlier lesson, course, or grade, the system 

escalates to full Vectored Instruction. 

3.3 Repair: Customized Personal Instruction 

Once a deficiency has been identified, Acellus deploys Customized Personal Instruction: a sequence of 

instruction, drawn from the prerequisite curriculum, that reconstructs the missing foundation. This 

sequence may reach back one lesson or several grade levels. If a tenth grader is failing an algebra lesson 

because of a concept missed in fifth-grade fractions, Vectored Instruction reaches back to fifth grade, 

builds a targeted bridge of instruction to close that gap, and then brings the student forward again 

(Billings, 2026). Some students need a single step; others need several. Each intervention is delivered "at 

the precise intensity needed to repair the learning deficit" (International Academy of Science, 2025, p. 

66). The prerequisite lessons use the same video-plus-assessment format as the rest of the course, so 

mastery of the prerequisite is confirmed, not assumed, before the student is returned. 

3.4 Return: back to the current lesson, still on grade level 

When the prerequisite has been mastered, the student is returned to the original lesson and completes 

the assessment again. Throughout, the student remains enrolled in the grade-level course, continues to 

earn credit, and remains on track for graduation. The entire loop typically occurs quickly, and, because 

the intervening lessons are blended into the flow of the course, the student usually does not realize that 

instruction not ordinarily part of the course has been supplied. This matters for more than convenience: 

it eliminates the labeling and loss of place that accompany traditional remediation, and it sends the 

student a very different message: "we know exactly what you're missing, we're going to fix it right now, 

and you're going to keep moving forward" (Billings, 2026). 
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A worked example from a live classroom 

A student working through a mathematics course completes Step 19 (Properties) successfully but 

fails Steps 20 and 21 (Adding and Subtracting). Deficiency Diagnostics recognizes from the response 

pattern that the difficulty is not with the current procedure but with background material from a 

lower-grade course. Vectored Instruction presents the needed prerequisite lesson from that earlier 

course. After the intervention, the student returns to Step 21 and passes it with a perfect score 

(International Academy of Science, 2025, Figure 2.4). 

In a U.S. Government course, a student repeatedly misses items on freedom of speech. The pattern 

indicates that the student does not understand why the Bill of Rights was created. Vectored 

Instruction inserts a lesson on the Bill of Rights from a prerequisite curriculum; once mastered, the 

student is returned to the freedom-of-speech lesson and completes the activities successfully 

(International Academy of Science, 2025, p. 31). 

 

3.5 Visibility: the teacher console 

Vectored Instruction operates automatically, but it does not operate invisibly to educators. From the 

Acellus teacher console (the Active Teacher Interface and Live Monitor), teachers and administrators can 

see exactly when a student encounters a need for Vectored Instruction, how the student became stuck, 

which prerequisite concept was diagnosed, which lesson was used to bridge the gap, and the student's 

"before" and "after" scores. A dedicated Vectored Instruction Intervention panel displays the total 

number of interventions the system has made in a class, the average percentage increase in scores 

following intervention, and recent examples; drilling down reveals per-concept and per-student detail 

(International Academy of Science, 2025, pp. 31–32, Figures 2.11–2.12 and 3.7). Teachers therefore watch 

the student get stuck, watch Vectored Instruction engage, watch the personalized instruction deliver, and 

watch the student charge forward again, completing the lesson successfully. The dashboard also sorts 

students by who needs help most, so the teacher's scarce attention is directed where the software cannot 

substitute for a human. 

3.6 Automatic in every deployment; continuously improving 

Two features of the design deserve emphasis for district leaders. First, Vectored Instruction is not a 

separately purchased module or a setting that must be enabled. It is intrinsic to the Acellus courseware 

and comes automatically with every deployment of Acellus, in every course, for every student. Second, it 

improves with use. Because Deficiency Diagnostics is analyzing every response entered by every student, 

the Acellus courseware development team is alerted to common misconceptions and prerequisite failures 

across the entire user base and continuously refines items, help videos, and prerequisite bridges. The 

courses themselves are thus "in a constant state of improvement due to the data collected from 

Deficiency Diagnostics and Vectored Instruction" (International Academy of Science, 2025, p. 67). 

3.7 Where Vectored Instruction sits in the Acellus system 
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Vectored Instruction is one of several integrated capabilities of the Acellus Gold platform. It works 

alongside Prism Diagnostics (described above), Tuned Learning and Honors modes that let teachers adjust 

pacing and challenge for individual students, the Gold Credits and Gold Store incentive system that 

rewards demonstrated mastery, and the Success Zone reporting that flags satisfactory progress. In the 

Gold Spark Learning Model, each class period combines roughly forty minutes of personalized digital 

instruction, during which Vectored Instruction and Prism Diagnostics are finding and filling gaps for every 

student simultaneously, with twenty minutes of live, teacher-led Special Lessons devoted to discussion, 

projects, and higher-order thinking (Billings, 2025, 2026). The division of labor is deliberate: the 

technology handles individualized diagnosis and prerequisite repair, which no single teacher can perform 

for thirty students at once, and the teacher is freed to do what only a human teacher can do. 

4. Outcomes Reported by Districts Using Vectored Instruction 

The Acellus Learning System is used in thousands of schools by millions of students across all fifty states, 

and Vectored Instruction has been operating at scale for years in hundreds of districts. The outcomes 

summarized here are drawn from the published accounts of district leaders in the Acellus Journal and 

related Acellus publications (Acellus Journal, 2026a, 2026b). They are reported by the districts themselves 

and are presented as such; Section 9 discusses the value of independent, controlled evaluation going 

forward. 

4.1 Le Grand Union Elementary School District, Merced County, California 

Le Grand Union serves a K–8 population that is 96 percent Hispanic/Latino, 80 percent high-poverty, and 

40 percent English language learners. Emerging from the pandemic, teachers at every grade were re-

teaching content from two and three grades earlier. Superintendent Scott Borba ran a deliberate 

comparison, placing Acellus Gold with Vectored Instruction in one classroom per grade from second 

through eighth while parallel classrooms used the previous platform or nothing, holding constant 

sufficient instructional minutes and active teacher use of the progress dashboard. Within roughly six to 

eight weeks "the discrepancy between the two classrooms was so evident" that staff asked to expand 

school-wide. After a full year of school-wide use, Le Grand Union became one of only two schools in all of 

Merced County to achieve positive academic growth in both English language arts and mathematics 

relative to pre-COVID levels; its students are above the state average in language arts and approaching it 

in mathematics. Students who entered fourth grade reading at a first-grade level left fifth grade reading 

on grade level; three-year learning deficits were closed for individual students; and students who might 

have been referred to special education remained in mainstream classrooms. Teachers now plan and 

teach grade-level content exclusively: "If you teach fifth grade, you're teaching fifth grade. You're not 

going back and filling in holes. We have something doing that for us" (Acellus Journal, 2026a, pp. 10–11). 

4.2 Community School of Holy Angels (special education) 

Holy Angels serves students with severe learning challenges and was among the first schools in the nation 

to pilot Acellus Gold with Vectored Instruction. In a single school year, mathematics scores rose by up to 

40 percent and English scores improved by 24 percent. One student from a non-English-speaking 
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household, on the autism spectrum and struggling to communicate, began speaking fluently in English 

after working with the system (Billings, 2026; Acellus, 2026a). 

4.3 Lansing Unified School District 469, Kansas (Kansas Heartland Virtual Academy) 

Lansing USD 469 built its Kansas Heartland Virtual Academy on the Acellus National CyberSchool model, 

in which students learn at home on the Acellus platform while remaining fully enrolled in the district. 

Superintendent Marty Kobza describes Vectored Instruction as "the engine that drives recovery" for 

students who are behind: "It assesses where a student is on the fly, then goes back to reteach and fill the 

gaps, all while the student keeps moving forward with grade-level content." The district reports an 18 

percent average increase in lesson scores among students being vectored on their retakes; retention in 

the virtual academy near 100 percent; a rise in the high school graduation rate from about 87 percent to 

about 96 percent, with Acellus described as "the backbone" of that effort; Writing Tutor gains from 

roughly 25 percent on first drafts to 95–100 percent on final drafts; and a net financial benefit of 

approximately $4,000 per virtual student after program expenses (Acellus Journal, 2026b, pp. 12–13, 23). 

4.4 Enrollment and program outcomes 

Acton-Agua Dulce Unified School District in California welcomed 180 new students in the first year of its 

CyberSchool program, an 18 percent enrollment increase (Acellus Journal, 2026a, p. 15). Districts using 

the system routinely report the pattern noted in the Acellus classroom guide: measurable score increases 

following Vectored Instruction interventions, visible directly on the teacher dashboard, together with 

substantial recovery of teacher time otherwise spent hunting for the "one lost concept" for a few students 

(International Academy of Science, 2025). 

 

District / School Context 
Reported outcomes with Acellus Gold and 

Vectored Instruction 

Le Grand Union ESD, CA 

K–8; 96% Hispanic/Latino; 80% 

high-poverty; 40% ELL; post-

COVID regression across all 

grades 

One of two schools in Merced County with 

positive growth vs. pre-COVID in both ELA and 

math; above state average in ELA; 3-year 

individual deficits closed; fewer SPED referrals; 

teachers teach grade level only 

Community School of 

Holy Angels 
Special education; severe 

learning challenges 

Math scores up to +40%; English +24% in one 

school year; individual communication 

breakthroughs 

Lansing USD 469, KS 

(Kansas Heartland Virtual 

Academy) 

District-sponsored home-study 

program on the National 

CyberSchool model 

+18% average lesson-score gain for vectored 

students; retention ≈100%; graduation rate 

87% → 96%; Writing Tutor 25% → 95–100%; 

≈$4,000 net per student 

Acton-Agua Dulce USD, 

CA 
CyberSchool program launch 

180 new students in year one (+18% 

enrollment) 

Table 1. Summary of district-reported outcomes (Acellus Journal, 2026a, 2026b; Billings, 2026). 



Vectored Instruction — A Breakthrough Technology in Modern Education 

Journal of Science  |  Billings, R. E. (2026)   |   Page 12 

4.5 What these outcomes have in common 

Three features recur across these reports and are consistent with the mechanism described in Section 3. 

First, the largest gains appear among students who were furthest below grade level: special-education 

students, English learners, students in high-poverty schools, and students returning to school after long 

absences. This is exactly what a prerequisite-repair mechanism predicts, since those students carry the 

largest and oldest gaps. Second, gains coexist with grade-level instruction rather than replacing it; 

teachers report more time on grade-level content, not less. Third, the effect is visible quickly, in weeks 

rather than semesters, which is again consistent with just-in-time repair of a specific missing concept as 

opposed to broad review. 

5. The Science of Why Vectored Instruction Works 

Vectored Instruction was developed by engineering practice, by getting inside the problem, instrumenting 

the learning process, and iterating on what the data revealed. It was not derived from a single theory. Yet 

when the method is set against the research literature of the past six decades, it becomes clear that it 

operationalizes, in one integrated and automated loop, a set of principles that each carry strong 

independent evidence. This section reviews those principles. For each, we state the finding, the evidence, 

and how Vectored Instruction embodies it. 

5.1 Learning hierarchies and the primacy of prior knowledge 

The principle. Complex skills are built from ordered prerequisite skills; the single strongest determinant 

of new learning is what the learner already knows. 

The evidence. Gagné's (1968) learning-hierarchy studies established that a target skill cannot be reliably 

acquired until its subordinate skills are in place, and that failure at a higher node is diagnostic of a missing 

lower node. Ausubel (1968) made prior knowledge the centerpiece of his theory of meaningful learning. 

Hattie's (2009) synthesis of more than 800 meta-analyses ranks prior achievement (d ≈ 0.55) and prior 

ability among the most powerful influences on learning. Siegler et al. (2012) supplied the sharpest 

longitudinal demonstration: specific elementary prerequisites (fractions and division) predict high-school 

algebra achievement years later, independent of general ability. Knowledge Space Theory (Doignon & 

Falmagne, 1985, 1999) formalized the idea mathematically, showing that a domain can be represented as 

a set of prerequisite-closed knowledge states, that a student's state can be identified from a modest 

number of well-chosen responses, and that the "outer fringe" of that state defines exactly what the 

student is ready to learn next. This theory underlies the ALEKS system and has been shown to be formally 

equivalent to modern cognitive diagnostic models (Falmagne, Cosyn, Doignon, & Thiéry, 2006; Heller, 

Stefanutti, Anselmi, & Robusto, 2015). 

How Vectored Instruction embodies it. The entire premise of Vectored Instruction is that failure on a 

grade-level lesson is most often a symptom of a missing prerequisite. Deficiency Diagnostics is, in Gagné's 

terms, a procedure for locating the missing node in the hierarchy; Customized Personal Instruction 

teaches that node; and the return to the original lesson tests whether the hierarchy now holds. Because 

Acellus courses span kindergarten through twelfth grade in a single integrated system, the prerequisite 
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structure can be traversed across grade boundaries, which is precisely the traversal that a single-grade 

textbook, a single-grade teacher, or a single-grade assessment cannot make. 

5.2 Mastery learning and the 2 sigma challenge 

The principle. Almost all students can master academic material if instruction is organized so that each 

unit is mastered before the next begins, with corrective instruction supplied when mastery is not 

demonstrated. 

The evidence. Bloom (1968) argued that variation in achievement reflects variation in time and 

correctives, not fixed aptitude, and that mastery organization could bring 90 percent of students to levels 

previously reached by 20 percent. Kulik, Kulik, and Bangert-Drowns (1990) meta-analyzed 108 studies and 

found an average effect of roughly half a standard deviation on examinations, with larger effects for lower-

aptitude students and positive effects on retention and attitudes. Bloom (1984) then reported that one-

to-one tutoring under mastery conditions produced gains of about two standard deviations, and mastery 

learning alone about one, framing the "2 sigma problem" of achieving tutoring-level results at scale. 

Guskey (2007) emphasized a point often lost in practice: the correctives in mastery learning must present 

the material differently, not merely repeat it, and must be followed by a second assessment of mastery. 

How Vectored Instruction embodies it. Acellus courses are mastery-based by design: students do not 

advance until they demonstrate understanding of each concept. Vectored Instruction is the corrective 

stage of the mastery cycle, but with a critical refinement over Bloom's original formulation. Where classic 

mastery learning re-teaches the same unit with an alternative approach, Vectored Instruction first asks 

whether the unit itself is the problem, and when it is not, it goes to the prerequisite. Guskey's requirement 

that the corrective differ from the original instruction is met in the most fundamental way possible: the 

corrective is a different lesson, from a different grade, addressing the actual root cause. And because the 

loop is automated and individualized, it approaches the one-to-one condition Bloom identified as the gold 

standard, but at the scale of an entire student body. 

5.3 Cognitive load, schemas, and the zone of proximal development 

The principle. Working memory is severely limited; learning new material depends on having well-formed 

schemas for its components in long-term memory. Instruction that assumes schemas the learner does not 

have overloads working memory and fails, while instruction that duplicates schemas the learner already 

has is redundant and can be counterproductive. Learning is most efficient in the zone just beyond what 

the learner can do alone, with support that is withdrawn as competence grows. 

The evidence. Sweller's (1988) cognitive load theory explains why a student without automated fraction 

schemas cannot follow an algebra lesson: the lesson consumes working-memory capacity on component 

operations that a prepared student handles automatically. Kalyuga, Ayres, Chandler, and Sweller (2003) 

documented the expertise reversal effect, in which support that helps novices actively hinders more 

knowledgeable learners, a strong argument for targeting instruction to each student's actual state rather 

than delivering uniform review to a whole class. Kirschner, Sweller, and Clark (2006) showed that novices 

need explicit, guided instruction rather than unguided struggle. Vygotsky's (1978) zone of proximal 
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development and the concept of scaffolding introduced by Wood, Bruner, and Ross (1976) describe the 

same target from the developmental side; Hattie (2009) reports an average effect for scaffolding of about 

0.82. 

How Vectored Instruction embodies it. By diagnosing the missing schema and teaching it explicitly before 

returning the student to the lesson, Vectored Instruction reduces the intrinsic load of the grade-level task 

to a level the student can manage. Because the intervention is triggered by that student's failure and 

delivered only to that student, it avoids the expertise-reversal penalty that whole-class review imposes 

on students who already possess the prerequisite. And because the student is returned to the grade-level 

lesson as soon as the prerequisite is mastered, the scaffold is withdrawn precisely when it is no longer 

needed. This is why students at Le Grand Union who did not need intervention were not slowed down 

while those who did were caught up. 

5.4 Diagnostic assessment through the analysis of wrong answers 

The principle. Wrong answers are not noise. When assessment items are constructed so that specific 

distractors correspond to specific misconceptions or missing prerequisites, the pattern of a student's 

errors identifies what the student actually believes and lacks. 

The evidence. Sadler (1998) demonstrated that "distractor-driven" multiple-choice tests, whose wrong 

options are drawn from documented student misconceptions, can diagnose those misconceptions with 

precision, and Sadler and Sonnert (2016) showed that teachers who know their students' likely 

misconceptions produce larger learning gains. Treagust (1988) developed the two-tier diagnostic item, 

and Hestenes, Wells, and Swackhamer (1992) built the Force Concept Inventory on the same logic. Gierl, 

Bulut, Guo, and Zhang (2017) reviewed the field and confirmed that well-designed distractors carry 

substantial diagnostic information about student thinking. Diagnostic classification models (Rupp, 

Templin, & Henson, 2010; Leighton & Gierl, 2007) provide the psychometric machinery to map response 

patterns to profiles of mastered and unmastered attributes rather than to a single score. Importantly, 

Gurung et al. (2023) found that teachers predict common wrong answers only inconsistently, which means 

the diagnostic map must be built from empirical data across many students, not from expert intuition 

alone. 

How Vectored Instruction embodies it. Deficiency Diagnostics is a distractor-driven diagnostic system 

operating at population scale. Acellus's discovery that large proportions of students choose the same 

wrong answers, and that those choices reveal specific missing concepts, is exactly the phenomenon Sadler 

documented; the difference is that Acellus observes it continuously across millions of learners and can 

therefore build and refine the diagnostic map empirically. Prism Diagnostics extends the idea by 

separating students who share a wrong answer into subgroups with different underlying deficits. The help 

videos triggered by specific wrong answers, which redirect thinking without giving away the answer, are 

the instructional counterpart of a two-tier item: they probe the reason behind the response. 

5.5 Formative assessment and the power of immediate, task-focused feedback 
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The principle. Assessment used to adjust instruction while learning is under way produces large gains, 

particularly for low achievers; feedback is most effective when it is immediate, specific, and focused on 

the task rather than on the learner. 

The evidence. Black and Wiliam's (1998) landmark review reported effect sizes of roughly 0.4 to 0.7 for 

formative assessment, among the largest for any educational intervention, with the greatest benefits for 

low-achieving students. Hattie (2009) places feedback near the top of his rankings (d ≈ 0.70). Kluger and 

DeNisi (1996), across 607 effect sizes, found that feedback helps on average (d ≈ 0.41) but that more than 

a third of feedback interventions actually reduce performance, typically when feedback draws attention 

to the self ("you are behind") rather than to the task. Shute (2008) synthesized the design guidance: 

elaborated, task-level, immediate feedback is favored for difficult material and for lower-achieving 

learners. 

How Vectored Instruction embodies it. Every Acellus assessment is formative in the strict sense: its results 

change what the student is taught next. The feedback loop closes in seconds rather than the days or weeks 

that elapse when a teacher must grade, analyze, plan, and re-teach. The intervention is entirely task-

focused, addressing the concept rather than the student, and the student is not labeled, pulled out, or 

told they are behind. Kluger and DeNisi's warning about self-directed feedback is thus designed out of the 

system, which may help explain the motivational effects district leaders describe. 

5.6 Retrieval practice and spacing 

The principle. Being tested on material strengthens memory more than re-studying it, and reviews spaced 

over time produce more durable learning than massed review. 

The evidence. Roediger and Karpicke (2006) showed that students who were tested after study retained 

substantially more a week later than those who re-studied, despite lower immediate performance. 

Cepeda, Vul, Rohrer, Wixted, and Pashler (2008) established that the optimal gap between reviews scales 

with the desired retention interval. 

How Vectored Instruction embodies it. The Acellus mastery cycle is built on frequent retrieval: each 

concept is assessed immediately after instruction and the student cannot advance without demonstrating 

it. Vectored Instruction adds a naturally spaced second retrieval of the prerequisite, since a concept first 

taught in an earlier grade is retrieved and re-taught when it is needed years later, and then applied 

immediately in the grade-level lesson, which is the strongest possible form of elaborative practice. 

5.7 What the intelligent tutoring literature tells us 

The principle. Computer-based tutors that track individual knowledge and respond step-by-step can 

approach the effectiveness of human tutors. 

The evidence. VanLehn (2011) reviewed the literature and concluded that step-based intelligent tutoring 

systems (d ≈ 0.76) were nearly as effective as human tutoring (d ≈ 0.79) and far more effective than 

answer-based computer instruction (d ≈ 0.31). Ma, Adesope, Nesbit, and Liu (2014) meta-analyzed 107 

effect sizes and found that intelligent tutoring outperformed teacher-led large-group instruction (g ≈ 0.42) 
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and non-adaptive computer instruction (g ≈ 0.57) and was statistically indistinguishable from human 

tutoring. Kulik and Fletcher (2016) reported a median effect of 0.66 standard deviations across 50 

controlled evaluations. The literature also contains a caution: Steenbergen-Hu and Cooper (2013) found 

small effects for some K–12 mathematics tutors, especially for low achievers, which underscores that the 

design of the adaptivity matters. Systems that merely adjust difficulty within the current topic are not the 

same as systems that diagnose and repair prerequisites. Escueta, Nickow, Oreopoulos, and Quan (2020), 

reviewing randomized trials of educational technology, likewise found that adaptive computer-assisted 

learning, particularly in mathematics, shows the most consistent positive effects of any category of 

educational technology. 

How Vectored Instruction embodies it. Acellus with Vectored Instruction is a step-based system in 

VanLehn's sense (it responds at the level of individual concepts and items, not merely at the level of the 

final answer), and it adds a dimension most tutoring systems lack: cross-grade traversal of the prerequisite 

hierarchy. The evidence that low achievers gain least from tutors that stay within the current topic, and 

most from mastery learning and formative feedback that reach the root cause, is precisely the pattern 

that motivated the development of Vectored Instruction and that the district outcomes in Section 4 

reflect. 

5.8 Acceleration, not remediation; grade level, not retention 

The principle. Students learn more when they are kept on grade-level content and given just-in-time 

support on the specific prerequisites they lack, than when they are held back to below-grade work or 

retained in grade. 

The evidence. TNTP's (2018) study of nearly 4,000 students found that students spent more than 500 

hours a year on assignments below grade level, met grade-level standards only 17 percent of the time, 

and that classrooms with more grade-appropriate work gained the equivalent of about two additional 

months of learning. TNTP and Zearn (2021), analyzing more than two million students, found that students 

who received grade-level content with just-in-time scaffolding on prerequisites completed 27 percent 

more grade-level lessons (49 percent more in schools serving predominantly students of color) and 

struggled less than matched peers who were remediated with below-grade content first. Randomized 

evidence from higher education points the same way: students placed directly into college-level statistics 

with embedded ("corequisite") support passed at 48 percent versus 31–36 percent for those routed 

through prerequisite remedial algebra, and they earned more credits and persisted longer (Logue, 

Watanabe-Rose, & Douglas, 2016). Meanwhile, Jimerson's (2001) meta-analysis of grade retention found 

no academic or socio-emotional benefit relative to promotion. 

How Vectored Instruction embodies it. Vectored Instruction is the purest available implementation of 

"accelerate, don't remediate." The student never leaves the grade-level course. The prerequisite is 

supplied just in time, at the exact moment it is needed to unlock the current lesson, and only the specific 

prerequisite that is missing, not a whole year of below-grade review "just in case." The design therefore 

honors both the district's obligation to keep students at grade level and the research consensus that this 

is also what is best for the student. 
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5.9 Solving the scale problem 

The principle. The benefits of individualized diagnosis and tutoring are well established; the barrier has 

always been delivering them to every student. 

The evidence. Nickow, Oreopoulos, and Quan (2024) confirm the effectiveness of tutoring; Kraft, 

Schueler, and Falken (2024) show that effects fall to roughly 0.16 standard deviations once programs 

exceed a thousand students, because skilled tutors are scarce, expensive, and hard to schedule. Teacher 

shortages exceeding 425,000 positions (Learning Policy Institute, 2026) make the constraint sharper still. 

How Vectored Instruction embodies it. Because diagnosis and prerequisite repair are automated, 

Vectored Instruction delivers to every student, in every course, at every moment of need, the two 

components of tutoring that scale worst: figuring out precisely what the student is missing, and teaching 

exactly that. It thereby frees human teachers to concentrate on mentoring, discussion, projects, and 

encouragement, which is the division of labor that the Gold Spark model formalizes and that 

superintendents describe as giving teachers back to students. 

5.10 Motivation, self-efficacy, and the message the student hears 

Finally, the affective dimension deserves mention. D'Mello and Graesser (2012) mapped the sequence by 

which unresolved confusion decays into frustration and then boredom during complex learning; the 

moment of being stuck is the moment when engagement is won or lost. Traditional responses to failure 

(re-teaching louder, pull-out remediation, labels such as "behind" or "unmotivated") arrive late and direct 

attention to the self, precisely the conditions under which Kluger and DeNisi (1996) found feedback to be 

harmful. Vectored Instruction intervenes at the point of confusion, before frustration sets in, and it 

intervenes in a way that is invisible and non-stigmatizing. Combined with the Gold Credits earned for 

demonstrated mastery, the student experiences a run of successes where previously there was a wall. As 

Superintendent Borba observed, he does not hear students or families complaining about Acellus as he 

has with other platforms; and at Holy Angels, students "the system said couldn't keep up" began keeping 

up (Acellus Journal, 2026a; Billings, 2026). 

 

Research principle Key evidence Where it appears in Vectored Instruction 

Learning hierarchies / 

prior knowledge 
Gagné 1968; Ausubel 1968; Siegler et 

al. 2012; Doignon & Falmagne 1985 

Failure treated as symptom of missing 

prerequisite; cross-grade traversal to the 

missing node 

Mastery learning 
Bloom 1968, 1984; Kulik et al. 1990; 

Guskey 2007 

No advance without mastery; corrective 

is a different lesson addressing the root 

cause; re-assessment after repair 

Cognitive load; expertise 

reversal; ZPD 

Sweller 1988; Kalyuga et al. 2003; 

Kirschner et al. 2006; Wood et al. 

1976 

Explicit teaching of the missing schema 

only to the student who lacks it; scaffold 

withdrawn on return to lesson 
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Research principle Key evidence Where it appears in Vectored Instruction 

Distractor-driven 

diagnosis 
Sadler 1998; Treagust 1988; Gierl et 

al. 2017; Gurung et al. 2023 

Deficiency Diagnostics and Prism 

Diagnostics; empirically built wrong-

answer map; targeted help videos 

Formative assessment; 

feedback 
Black & Wiliam 1998; Kluger & DeNisi 

1996; Shute 2008 
Instant, task-focused, non-labeling 

response; loop closes in seconds 

Retrieval practice; spacing 
Roediger & Karpicke 2006; Cepeda et 

al. 2008 
Mastery checks after every concept; 

spaced re-retrieval of prerequisites 

Intelligent tutoring 

effectiveness 
VanLehn 2011; Ma et al. 2014; Kulik 

& Fletcher 2016 
Step-based adaptivity plus prerequisite 

repair; strongest for lowest achievers 

Accelerate, don't 

remediate; avoid 

retention 

TNTP 2018; TNTP & Zearn 2021; 

Logue et al. 2016; Jimerson 2001 
Student never leaves grade-level course; 

just-in-time, not just-in-case 

Tutoring at scale 
Bloom 1984; Nickow et al. 2024; 

Kraft et al. 2024 
Automated diagnosis and repair for every 

student; teachers freed for human work 

Table 2. Research foundations of Vectored Instruction. 

6. Why Vectored Instruction Is Especially Crucial for Students Studying 
at Home 

Homeschooling and district-sponsored independent study have become the fastest-growing segment of 

American education. Roughly three million students, approaching six percent of the K–12 population, are 

now homeschooled, about double the pre-pandemic share; growth averaged nearly five percent across 

reporting states in 2024–25, with ten states at record highs (Johns Hopkins Homeschool Hub, 2025; 

EdChoice, 2026). Over the same period public school enrollment fell by 1.4 million students, and because 

state funding follows per-pupil counts, the fiscal consequences for districts are substantial (FutureEd, 

2026). Districts that offer supported home-study programs are responding to a real demand. 

But the student studying at home faces a specific and serious risk that the classroom student does not. In 

a classroom, when a student becomes stuck, a professional teacher is physically present. The teacher may 

not be able to diagnose the missing prerequisite precisely, but the teacher can notice the struggle, ask a 

question, try another explanation, or arrange help. At home, no such professional is present. The parent 

may be highly motivated but is seldom trained to recognize that a tenth grader's algebra failure is really a 

fifth-grade fraction failure, and even less able to teach the prerequisite. Online programs that simply 

deliver content over video, in Superintendent Kobza's phrase, "the same methodology over video or 

Zoom," leave the student alone with the wall. The predictable result is the one districts have long 

observed: students who leave to study at home fall behind, and when they return years later the district 

is expected to catch them up (International Academy of Science, 2026). 

Vectored Instruction changes this equation fundamentally. It supplies, automatically and at the moment 

of need, exactly the function that the absent teacher would otherwise have to provide: recognizing that 
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the student is stuck, determining why, teaching the missing piece, and returning the student to the lesson. 

Because it is embedded in the courseware, it is present at the kitchen table at nine o'clock at night as 

reliably as it is in a classroom at nine o'clock in the morning. For an independent-study student, then, 

Vectored Instruction is not an enhancement; it is the safety net that makes home study academically 

defensible. It is why the Kansas Heartland Virtual Academy can report near-total retention alongside 18 

percent lesson-score gains for vectored students, and why students who return from that program to the 

traditional building "arrive confident and on track," with "not a single problem" in the transition (Acellus 

Journal, 2026b, p. 13). The parents' role in such a program is to encourage and stay involved, not to be 

the full-time instructor; Vectored Instruction, the supervising district teacher, and the Acellus support 

team carry the instructional load. 

For district leaders considering any independent-study or virtual option, this is the decisive question to 

ask of a platform: when the student gets stuck at home, what happens? If the answer is "the parent helps" 

or "the student emails a teacher and waits," the program will produce the outcomes that have historically 

given virtual learning a poor reputation. If the answer is "the system diagnoses the missing foundation 

and repairs it, immediately, and the teacher sees it happen on the dashboard," the program has a 

mechanism to keep students on grade level while they learn away from the building. 

7. Using Vectored Instruction in Your Teaching 

Vectored Instruction operates automatically, but the districts reporting the strongest results are those in 

which teachers actively work with it. This section distills the practices those districts describe (Acellus 

Journal, 2026a, 2026b; International Academy of Science, 2025) together with the research reviewed 

above into practical guidance for educators. The first subsection addresses teachers using Acellus; the 

second addresses the many educators who do not yet have the technology but wish to apply its principles. 

7.1 For teachers and administrators using Acellus 

1. Protect the instructional minutes. Le Grand Union held two variables constant in its comparison 

classrooms: sufficient time on the platform, and teachers actively engaging with the dashboard. 

Vectored Instruction cannot diagnose or repair a gap in a student who is not working through 

the lessons. Establish a daily block (the forty-minute digital phase of the Gold Spark model is the 

reference design) and protect it. 

2. Watch the Vectored Instruction panel daily. The Active Teacher Interface shows every 

intervention, the concept diagnosed, the bridging lesson used, and before-and-after scores. Use 

it as a formative-assessment instrument. A cluster of interventions on the same prerequisite is a 

signal that a short whole-class Special Lesson on that concept would pay off; a student with 

repeated interventions across concepts may need Tuned Learning mode or additional human 

attention. 

3. Teach grade level; let the system fill the gaps. The most transformative change reported at Le 

Grand Union was that teachers stopped re-teaching earlier grades and planned exclusively for 
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their own. Trust the mechanism, verify it on the dashboard, and redirect the recovered time to 

discussion, projects, and the students the dashboard flags. 

4. Use Special Lessons for what only humans can do. Because content delivery and prerequisite 

repair are handled individually, the teacher-led portion of the period is free for the higher-order 

work the research associates with deep learning: discussion, argument, project-based learning, 

hands-on demonstration, and personal encouragement. Use the dashboard data to make those 

lessons targeted rather than generic. 

5. Do not label the vectored student. The design of Vectored Instruction deliberately avoids telling 

the student they are "behind." Preserve that. Talk about concepts, not deficits; celebrate the 

"after" score; and let Gold Credits do their motivational work. 

6. Enable Tuned Learning and Honors deliberately. For students who are consistently outside the 

Success Zone despite interventions, Tuned Learning slows the pace and increases the step-by-

step support, including Vectored Instruction; for students who are far ahead, Honors mode adds 

challenge. Both keep the whole class moving toward the goal of 100 percent of students in the 

Success Zone. 

7. Give it time, and expect the first evidence in weeks. Le Grand Union saw a clear discrepancy 

between comparison classrooms in six to eight weeks and school-wide results within a year. 

Plan the evaluation window accordingly and share the dashboard evidence with staff and the 

board. 

7.2 Applying the principles without the platform 

Teachers who do not have access to Acellus can nevertheless move their practice toward the Vectored 

Instruction model. The following are the core moves, each grounded in the research of Section 5. 

• Reframe every failure as a diagnostic question. When a student misses a grade-level item, ask 

first "which prerequisite would explain this?" rather than "how do I re-teach this lesson?" Keep a 

prerequisite map for your course (Section 8.1) so that the question can be answered quickly. 

• Write diagnostic distractors. Following Treagust (1988), Sadler (1998), and Haladyna, Downing, 

and Rodriguez (2002), build wrong-answer options from the errors students actually make, and 

record which distractor each student chooses. Over a few years the pattern will tell you which 

prerequisites your incoming students most often lack. 

• Prepare bridge lessons in advance. For the five to ten prerequisites that most often derail your 

course, prepare short, self-contained explanations, worked examples, and practice items (Renkl, 

2014), ideally as short videos students can watch independently. Deliver them to individual 

students at the moment of need, not to the whole class in advance. 

• Keep the student in the grade-level task. Supply the bridge and return the student to the 

original problem the same day. Avoid pull-out remediation or extended below-grade review; the 

evidence favors just-in-time support inside grade-level work (TNTP & Zearn, 2021). 
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• Close the loop with a re-assessment. A bridge lesson is complete only when the student 

demonstrates the prerequisite and then succeeds on the original item (Guskey, 2007). 

• Make feedback about the task, immediate, and private. Follow Shute (2008) and Kluger and 

DeNisi (1996): specific, elaborated, task-level feedback delivered quickly; nothing that draws 

attention to the student's standing relative to peers. 

8. Applying Vectored Instruction Principles in Textbooks and Learning 
Resources 

Most instructional materials, print and digital, are organized as a linear sequence for a single grade. They 

implicitly assume that every prerequisite from earlier grades is in place, and when that assumption fails, 

the resource has nothing to offer. Developers of textbooks, courseware, and open educational resources 

can build the logic of Vectored Instruction into their products. The following design principles apply 

whether the medium is paper, PDF, or software. 

8.1 Build and publish the prerequisite map 

The foundation of any vectored resource is an explicit map of which concepts depend on which earlier 

concepts, across grade boundaries. Curriculum research supplies starting points: the learning progressions 

literature (Heritage, 2008; Corcoran, Mosher, & Rogat, 2009), Zimba's (2012) dependency "wiring 

diagram" of the mathematics standards, and the interactive Coherence Map built on it (Student 

Achievement Partners, 2015), which draws explicit "builds on" arrows from each standard to its 

prerequisites in earlier grades. Knowledge Space Theory (Doignon & Falmagne, 1999) offers a rigorous 

formalism for the map, and data-driven methods can discover or validate prerequisite relations from 

student performance (Scheines, Silver, & Goldin, 2014; Chen, Lu, Zheng, & Pian, 2018). Whatever the 

source, the map must span grades: a seventh-grade ratio unit must know that it depends on fifth-grade 

fractions and third-grade multiplication. 

8.2 Design assessments that diagnose, not merely score 

Every end-of-lesson check should be written so that specific wrong answers point to specific prerequisites 

in the map. Use two-tier items where practical (answer plus reason; Treagust, 1988), draw distractors 

from documented student errors rather than expert guesses (Gurung et al., 2023), and pilot items to 

confirm that each distractor is chosen for the reason intended (Gierl et al., 2017). In print, this can be as 

simple as a coded answer key: "If the student chose (b), see Bridge 4.2." In software, it is the routing table 

for automatic vectoring. 

8.3 Author bridge lessons, not review chapters 

For each prerequisite that the map identifies as a frequent failure point, provide a compact, self-contained 

bridge lesson: a brief explanation, worked examples with fading (Renkl, 2014), a few practice items with 

feedback, and a mastery check, followed by an explicit return pointer to the grade-level lesson. Bridge 

lessons should be written for the older student who is encountering the concept a second time, not simply 
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copied from the earlier grade's text. They belong at the point of need (a margin pointer, a QR code, a 

hyperlink, an automatic branch), not in a front-of-book review chapter that assumes the reader knows 

what they do not know. 

8.4 Keep the grade-level spine intact 

A vectored resource never removes the student from the grade-level sequence. Bridges are excursions 

with a guaranteed return path. Backward design (Wiggins & McTighe, 2005) is the appropriate authoring 

discipline: define the grade-level outcome and its evidence first, then determine which prerequisites the 

evidence depends on, then write the bridges. Multi-tiered support frameworks (Fuchs & Fuchs, 2006) and 

the What Works Clearinghouse guidance on mathematics intervention (Fuchs et al., 2021) supply criteria 

for the intensity and design of the bridges themselves, and Universal Design for Learning (CAST, 2024) 

should govern their accessibility. 

8.5 Instrument the resource and improve it 

Digital resources should log which items are missed, which distractors are chosen, which bridges are 

triggered, and whether the return to the grade-level item succeeds. That data validates the prerequisite 

map, reveals bridges that do not work, and identifies missing bridges. This is the continuous-improvement 

loop that Deficiency Diagnostics provides at Acellus and that learning-engineering practice recommends 

generally (Koedinger et al., 2010; Prihar et al., 2022). Open educational resources are particularly well 

suited to this model, since bridge lessons can be remixed and shared across products at low cost without 

loss of learning outcomes (Hilton, 2020). 

Design checklist for a vectored learning resource 

1. Cross-grade prerequisite map, published with the resource. 

2. Diagnostic items whose distractors route to specific prerequisites. 

3. Compact bridge lessons at the point of need, each with a mastery check and a return pointer. 

4. Grade-level spine preserved; no removal to below-grade sequences. 

5. Logging and review of item, distractor, and bridge performance to refine the map. 

 

9. Enhancing Vectored Instruction Going Forward 

Vectored Instruction is a mature technology in daily use, but the research frontier suggests several 

directions in which the next generation can become faster, more precise, and more broadly applicable. 

We group them under diagnosis, instruction, retention, teacher partnership, and evidence. 

9.1 Sharper diagnosis 

• Predictive vectoring. Bayesian Knowledge Tracing (Corbett & Anderson, 1995), Deep Knowledge 

Tracing (Piech et al., 2015), and transformer-based models (Choi et al., 2020; Abdelrahman, 
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Wang, & Nunes, 2023) estimate the probability that a student has mastered each skill from their 

full interaction history. Integrated with the prerequisite map, such models could predict a 

coming failure before it occurs and vector proactively, delivering the bridge just ahead of the 

lesson that would otherwise stall. Prerequisite-driven variants (Chen et al., 2018) are directly 

suited to this use. 

• Data-discovered prerequisite structure. Causal-discovery and prerequisite-learning methods 

(Scheines et al., 2014; Pan, Li, Li, & Tang, 2017) can mine the millions of Acellus response 

records to confirm known dependencies, discover unexpected ones, and identify bridges that 

should exist but do not. 

• Distinguishing gaps from disengagement. Detectors of wheel-spinning (Beck & Gong, 2013), of 

gaming the system (Baker, Corbett, Roll, & Koedinger, 2008), and of affective states such as 

confusion and frustration (D'Mello & Graesser, 2012) can help the system decide whether a 

string of errors reflects a missing prerequisite (vector), a motivational lapse (encourage, alert 

the teacher), or guessing (slow down and re-engage), each of which calls for a different 

response. 

9.2 Richer instruction 

• Generative bridges with guardrails. Large language models can generate individualized 

explanations, additional worked examples, and Socratic hints on demand. The evidence is now 

clear about how they must be deployed: an unguarded chatbot raised practice scores but 

lowered unassisted exam performance by 17 percent, while a version with pedagogical 

guardrails removed the harm (Bastani et al., 2025); a carefully designed AI tutor in a university 

physics course produced more than twice the learning of active-learning classes in less time 

(Kestin, Miller, Klales, Milbourne, & Ponti, 2025); and conditioning LLM remediation on expert 

decisions about error type and strategy improves its quality (Wang, Zhang, Robinson, Loeb, & 

Demszky, 2024a). The natural role for generative AI in Vectored Instruction is therefore to 

augment the diagnosed, curated bridge lesson with adaptive dialogue and extra examples, 

never to replace diagnosis or to give answers away, in keeping with the "humans in the loop" 

guidance of the U.S. Department of Education (2023) and UNESCO (Miao & Holmes, 2023). 

• Multimodal input. Handwritten and spoken responses would let the diagnostic engine see a 

student's work, not just the final choice, sharpening diagnosis in mathematics especially; the 

field is early but advancing (Rodrigues et al., 2024). 

• Bridges for special populations. Personalization for English learners and for students with 

dyslexia, dyscalculia, and other learning differences is a growing research area (Salas-Pilco et al., 

2024). Bridge lessons can be authored in multiple modalities and languages, and Deficiency 

Diagnostics can learn which variants work best for which learners. 

9.3 Durable retention 

• Scheduled re-retrieval of repaired prerequisites. Once a prerequisite has been rebuilt, spacing 

research (Cepeda et al., 2008) and trainable spaced-repetition models (Settles & Meeder, 2016) 
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can schedule brief, well-timed reviews so that the repair holds across the year and into the next 

grade, and the system can verify that it has. 

9.4 A stronger teacher partnership 

• Explainable, actionable dashboards. Real-time teacher-awareness tools that direct attention to 

the students who most need it have been shown to improve learning, particularly for lower-

prior-knowledge students (Holstein, McLaren, & Aleven, 2018). The Vectored Instruction panel 

can evolve toward recommending, from the day's intervention pattern, the single most valuable 

Special Lesson a teacher could give. 

• AI support for the supervising teacher. In tutoring settings, an LLM "copilot" that suggests 

expert moves to human tutors raised student mastery, most for the least experienced tutors, at 

very low cost (Wang, Ribeiro, Robinson, Loeb, & Demszky, 2024b). An analogous copilot for 

CyberSchool supervising teachers and parent-support specialists could translate dashboard data 

into concrete conversation prompts. 

• Interoperability and privacy. Adopting event-data standards such as 1EdTech Caliper or xAPI 

would allow prerequisite diagnostics to draw on evidence from other tools a district uses, and 

would let districts carry learner records forward, all within FERPA and COPPA obligations 

(1EdTech Consortium, 2020; U.S. Department of Education, PTAC). 

9.5 Evidence and continuous improvement 

• Independent, controlled evaluation. The district-reported outcomes in Section 4 are compelling 

and consistent with the mechanism, and the classroom-level comparison at Le Grand Union is a 

model of practical local evaluation. The next step is independent quasi-experimental and 

randomized studies of Vectored Instruction that meet the evidence tiers of the Every Student 

Succeeds Act, of the kind that have been conducted for other adaptive platforms (Cook, Grant, 

& Ross, 2022; Hashim, 2024). Acellus's scale and instrumentation make such studies unusually 

feasible. 

• Embedded experimentation. Platform-embedded A/B testing (Prihar et al., 2022) can compare 

alternative bridge lessons, alternative triggering thresholds, and alternative feedback designs at 

scale, so that every element of Vectored Instruction is continuously optimized against measured 

learning, in the manner of the Knowledge-Learning-Instruction framework (Koedinger, Corbett, 

& Perfetti, 2012). 

None of these directions changes the core insight. The student who is stuck is almost always missing 

something specific from earlier; find it, fix it, and bring the student forward. Everything above is in service 

of finding it sooner, fixing it better, and proving it more rigorously. 

10. Conclusion 

The grade-level dilemma has constrained American education for generations: students must be taught 

the current grade, but many cannot learn it because of what they missed in earlier grades, and neither 
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retention nor generic remediation helps. Vectored Instruction resolves the dilemma by doing, 

automatically and for every student, what the research on prerequisite knowledge, mastery learning, 

cognitive load, diagnostic assessment, formative feedback, and tutoring has long said should be done and 

what no classroom has had the capacity to do: detect the specific missing foundation, rebuild it at the 

moment of need, and return the student to the grade-level lesson without ever removing them from it. 

Districts using it report the outcomes that the science predicts, with the largest gains among students who 

were furthest behind. It comes with every deployment of Acellus. It is indispensable for students learning 

at home, where no professional teacher is present. And it is now supported by a research base rich enough 

to guide both its wider adoption and its continued improvement. 

For thought leaders in the field, the invitation is to build on the principles described here in research and 

in new instructional resources. For district superintendents, the invitation is more direct. Every day a child 

remains stuck on a missing foundation, the gap grows. The tools to find the hole and fill it exist, they are 

working in schools across the country, and they are available to every district. The remaining question is 

the one that has always mattered most: whether we will use them. 
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