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Effect of Vergence/Accommodative Therapy on Reading in 
Children with Convergence Insufficiency: A Randomized Clinical 
Trial

Convergence Insufficiency Treatment Trial - Attention and Reading Trial (CITT-ART) 
Investigator Group, Mitchell Scheiman

Abstract

Significance.—The results of this study suggest that clinicians providing vergence/

accommodative therapy for the treatment of childhood convergence insufficiency should not 

suggest that such treatment, on average, will lead to improvements on standardized assessments of 

reading performance after 16 weeks of treatment.

Purpose.—To determine the effect of office-based vergence/accommodative therapy on reading 

performance in 9- to 14-year-old children with symptomatic convergence insufficiency.

Methods.—In a multicenter clinical trial, 310 children 9 to 14 years old with symptomatic 

convergence insufficiency were randomized in a 2:1 ratio to 16 weeks of office-based vergence/

accommodative therapy or office-based placebo therapy, respectively. The primary outcome was 

change in reading comprehension as measured by the Reading Comprehension subtest of the 

Wechsler Individual Achievement Test, 3rd ed. (WIAT-III) at the 16-week outcome. Secondary 

reading outcomes of word identification, reading fluency, listening comprehension, 

comprehension of extended text, and reading comprehension were also evaluated.

Results.—The adjusted mean improvement in WIAT-III Reading Comprehension was 3.7 (95% 

CI: 2.6—4.7) standard score points in the vergence/ accommodative therapy group and 3.8 points 

(95% CI: 2.4—5.2) in the placebo therapy group, with an adjusted mean group difference of −0.12 

points (95% CI: −1.89 to 1.66) that was not statistically significant. No statistically significant 

treatment group differences were found for any of the secondary reading outcome measures.

Conclusions.—For children ages 9 to 14 years of age with symptomatic convergence 

insufficiency, office-based vergence/accommodative therapy was no more effective than office-

based placebo therapy for improving reading performance on standardized reading tests after 16 

weeks of treatment.

Convergence insufficiency is a binocular vision disorder that is characterized by insufficient 

convergence ability and difficulty maintaining binocular fusion at near. It is estimated to 

affect 4% to 17% of school-aged children1–5 and is associated with a host of symptoms 
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occurring with reading or near tasks. Children with convergence insufficiency often report 

symptoms related to visual discomfort (e.g., double vision, tired eyes, eye discomfort, 

headaches) and reading or working up close (e.g., loss of place, frequent re-reading, loss of 

concentration when reading, reading slowly, and trouble remembering what was read).6–10 

According to their parents, children with symptomatic convergence insufficiency are more 

likely than children with normal binocular function to avoid or be inattentive when reading, 

and to have difficulty completing their schoolwork and homework.11

Randomized trials have found office-based vergence/accommodative therapy to be an 

effective treatment for symptomatic convergence insufficiency in children,9, 12, 13 with 

resulting improvements in clinical findings and symptom severity during reading and near 

tasks9 as well as parent-reported problem behaviors associated with reading and school 

work.14 While some have hypothesized that improvements such as these might have a 

positive influence on reading, either directly (e.g., improved reading comprehension and/or 

fluency)15–17 and/or indirectly (e.g., improved attention, time on reading task, and 

motivation),18–20 others disagree.21–23

Improvements in reading have been shown after children have been treated for convergence 

insufficiency.24–26 However, these studies have had variable diagnostic criteria, treatments 

prescribed, and outcomes; in addition, they have had methodological limitations such as 

small sample size and no comparison group. Addressing some of the limitations of previous 

studies, the CITT Investigator Group conducted a pilot study to evaluate the impact of 

vergence/accommodative therapy on reading performance in children with symptomatic 

convergence insufficiency. The study had well-defined eligibility criteria, a standardized 

treatment protocol administered by trained therapists, and masked outcome assessments for 

the visual function outcomes.27 A statistically significant improvement on the WIAT-II 

Reading Comprehension subtest was found 8 weeks after completion of the 16-week 

treatment program.20 The small sample size and lack of a control group, however, precluded 

a definitive conclusion. Based on parent-reported distractibility and low task-persistence of 

children with symptomatic convergence insufficiency while reading and doing schoolwork, 

and on the improvement in reading comprehension found in our pilot study, we hypothesized 

that the reading domain most likely to be positively impacted by vergence/accommodative 

therapy was reading comprehension.

Therefore, we developed the Convergence Insufficiency Treatment Trial - Attention and 

Reading Trial (CITT-ART), a randomized clinical trial to determine the effect of vergence/

accommodative therapy on reading and attention in 9- to 14-year-old children with 

symptomatic convergence insufficiency. Herein, we report the results for reading 

performance. We report the effects on symptoms and clinical measures of convergence in a 

companion manuscript28 and those for attention in a forthcoming manuscript.

METHODS

This trial (CITT-ART) was supported through a cooperative agreement with the National 

Eye Institute of the National Institutes of Health and conducted according to the tenets of the 

Declaration of Helsinki at 9 clinical sites (see Acknowledgments). The protocol and 
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informed consent forms were approved by the respective institutional review boards. The 

parent or guardian (subsequently referred to as “parent”) of each study participant gave 

written informed consent and each child gave written assent for participation. Health 

Insurance Portability and Accountability Act (HIPAA) authorization was obtained from the 

parent. The National Eye Institute provided study oversight by the appointment of an 

independent data and safety monitoring committee (DSMC) (see Acknowledgments). The 

study is registered at ClinicalTrials.gov as under . The full study protocol is available 

elsewhere29, and the CITT-ART Manual of Procedures is available at https://u.osu.edu/

cittart/.

Patient Selection and Eligibility Criteria

Major eligibility criteria were children 9-14 years of age in grades 3 to 8 who had 

symptomatic convergence insufficiency defined as (1) a near exodeviation (phoria or 

intermittent exotropia) measuring at least 4Δ larger than with distance fixation on the prism 

and alternate cover test, (2) a receded (≥ 6 cm) near point of convergence break, (3) 

insufficient positive fusional vergence at near [i.e., insufficient convergence amplitudes, 

defined as failing Sheard’s criterion (base-out blur or break less than twice the near 

phoria)30 or minimum positive fusional vergence of ≤15Δ base-out break], and a 

symptomatic score (≥16) on the Convergence Insufficiency Symptom Survey (CISS).6, 7An 

optical correction for significant uncorrected refractive error as determined by cycloplegic 

refraction was required to be worn for at least 2 weeks prior to enrollment (see Table 1). It 

was required that participants be in school at enrollment and still be in school for the 

outcome examination. Children with cognitive impairment as suggested by standard scores 

of <70 on the Kaufman Brief Intelligence Test-2 (KBIT-2) Matrices (nonverbal) subtest31 

were excluded, as were children with phonologically-based reading difficulties as suggested 

by a standard score <80 on the Wide Range Achievement Test-4 (WRAT-4) Word Reading 

subtest.32 A complete listing of eligibility and exclusion criteria is provided in Table 1.

Enrollment and Randomization

Potentially eligible children were identified primarily after undergoing an eye examination 

by a CITT-ART investigator or other eye care provider, with a few identified via school 

screenings or by on-line study promotion. After written informed consent and assent were 

obtained, a CITT-ART-certified optometrist or ophthalmologist administered the 

aforementioned KBIT-2 and WRAT-4 tests and the following baseline visual function tests: 

the CISS, 7, 8, 33 cover testing at distance and near, near point of convergence, near positive 

and negative fusional vergence (convergence and divergence amplitudes), monocular 

accommodative amplitude, monocular accommodative facility with ± 2.00D lenses, and near 

vergence facility (12Δ BO and 3Δ BI). All near vision testing was performed at 40 cm. For 

children who remained eligible, the Aimsweb Reading-Curriculum-Based Measures (R-

CBM) Oral Reading Fluency and the Aimsweb Maze tests (see Secondary Reading 

Outcome Measures for descriptions) were administered after vision testing was completed.

Eligible children were then scheduled for a second visit for randomization and CITT-ART 

baseline reading testing (Figure 1; descriptions follow). The second visit was conducted at 

least 2 weeks after the start of school and within 14 days of eligibility/baseline vision 
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testing. Participants were randomly allocated, using a permuted block design stratified by 

site and ADHD status (yes/no), in a 2:1 allocation ratio of office-based vergence/

accommodative therapy (hereafter referred to as vergence/accommodative therapy) or office-

based placebo therapy (hereafter referred to as placebo therapy) using the REDCap 

(Research Electronic Data Capture)34 system at the Ohio State University. Block sizes of 3, 

6, and 9 were used to conceal the sequence of treatment assignments.

Reading Test Battery

Primary Reading Outcome Measure – WIAT-III Reading Comprehension—The 

primary outcome was the change in reading comprehension from baseline to the 16-week 

outcome visit on the Reading Comprehension subtest of the Wechsler Individual 

Achievement Test, 3rd Edition (WIAT-III).35 This subtest contains passages of increasing 

length and difficulty, read silently or aloud by the examinee, followed by oral 

comprehension questions for each passage.

The WIAT-III provides standardized scores based on national norms derived from a 

representative sample of children in the United States. All WIAT-III subtests used in this 

study have reliability coefficients ranging from 0.79 to 0.91 for grades 3 through 8.36

Secondary Reading Outcome Measures—The secondary reading outcome measures 

included word identification/decoding, oral reading fluency, and listening comprehension; 

these were assessed using the WIAT-III subtests of Word Reading, Pseudoword Decoding, 

Oral Reading Fluency, and Listening Comprehension. There were three secondary reading 

comprehension tests: the Reading Comprehension subtest of the Gates-MacGinitie Reading 

Tests-4th edition (GMRT-4) that evaluates reading comprehension using extended text, the 

Aimsweb R-CBM test of Oral Reading Fluency, and the Aimsweb Maze test (a measure of 

silent reading fluency with comprehension).37

Word identification and decoding skills were measured using the WIAT-III Word Reading 

and Pseudoword Decoding subtests, respectively. The Word Reading subtest is an untimed 

measure in which a list of words of increasing difficulty are read. The Pseudoword Decoding 

subtest is an untimed measure of the ability to read nonsense words that follow the rules of 

English spelling. Because each nonsense word is by definition unfamiliar, this task measures 

the ability to use phonics to read unknown words.

Reading fluency was measured using the WIAT-III Oral Reading Fluency subtest, which 

measures the rate and accuracy of reading grade-level text. The WIAT-III Listening 

Comprehension subtest has two parts. The first is a measure of receptive vocabulary in 

which the child selects from four pictures the one that best matches the word spoken aloud 

by the examiner. For the second part, the child answers questions about passages presented 

by audio recordings (oral discourse comprehension). The standard score for the Listening 

Comprehension subtest is a composite of these two parts. In contrast, Growth Scale Value 

scores are provided separately for the two parts of the test (receptive vocabulary and oral 

discourse).
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Reading comprehension of extended text was measured using a computer-administered 

version of the Reading Comprehension subtest of the Gates-MacGinitie Reading Tests-4th 

edition (GMRT-4).37 We reasoned that reading extended text passages might place increased 

demands on the visual system compared with reading the shorter passages of the WIAT-III 

Reading Comprehension subtest. For the GMRT-4, participants read passages independently 

and then responded to multiple-choice questions regarding the passages. The reliability 

coefficients range from 0.91-0.94 for grades 3 through 8.38 Normal Curve Equivalent (NCE) 

scores were used for data analysis; these are standardized scores ranging from 1 to 100 that 

are normed to a mean of 50 with a standard deviation of 21.06.

In addition to the above-mentioned reading tests, which were administered at baseline and 

the 16-week outcome visit, growth in oral reading fluency and silent reading fluency with 

comprehension were measured through repeated administrations of the Aimsweb Reading-

Curriculum Based Measures (R-CBM) Oral Reading Fluency test and the Aimsweb Maze 

test39 at baseline and the 4-, 8-, 12- and 16 week visits. Educators commonly use repeated 

administration of curriculum-based measures like these to monitor reading progression over 

the academic year.40 For the R-CBM Oral Reading Fluency test, the child reads orally from 

grade-level passages for one minute; the score is the number of words read correctly. 

Reliability coefficients exceed 0.93 for grades 3 through 8.39 The Aimsweb Maze test 

measures silent reading fluency with comprehension; it is a multiple-choice task that the 

examinee completes while reading passages silently. The first sentence of each passage is 

presented intact; thereafter, every seventh word is omitted, and the child selects the missing 

word from three choices. The score is the number of items correctly completed in three 

minutes. Test-retest reliability coefficients for grades 3 through 8 range from 0.70 to 0.78. 

Standardized Z scores (mean = 0, standard deviation = 1) were used for data analysis and are 

calculated based on the time of testing (fall, winter, or spring).

We hypothesized that there would be differential effects on the secondary measures of 

reading in this study. We expected an improvement in reading comprehension and reading 

fluency based on the findings of our pilot study27 and because we hypothesized that 

improving symptoms associated with convergence insufficiency would make accessing text 

easier and more comfortable with subsequent improvements in reading fluency and 

comprehension. Conversely, we did not expect word reading, phonological decoding, or 

listening comprehension to be affected by vergence/accommodative therapy.41 Word reading 

and phonological decoding are influenced primarily by language-based processes such as 

phonological processing41, 42 and listening comprehension does not involve visual stimuli. 

The expected lack of treatment effect on word reading was endorsed by a non-significant 

improvement for word reading in our pilot study.27

Administration and Scoring of Reading Measures—The CITT-ART Reading Center 

was responsible for the training, certification, and annual recertification of the reading 

examiners at the clinical sites and the scoring of the reading assessments. Experienced 

personnel provided the site-based reading examiners with a combination of face-to-face and 

technology-facilitated training in the standardized administration of the reading tests.
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All reading measures were individually administered to participants in a quiet location by a 

masked reading examiner. Testing sessions were audio-recorded and transmitted to the 

Reading Center for scoring verification. Masked personnel at the Reading Center monitored 

the administration and scoring of the tests by listening to the digital recordings of all test 

administrations; ongoing feedback was provided to the clinical site reading examiners. Each 

Aimsweb R-CBM Oral Reading Fluency passage was rescored by a trained masked grader 

using the audio recording and two graders scored each Aimsweb Maze test. For both of the 

Aimsweb measures, the raw score was used for determining the normative scores.

Teacher Survey

To document the amount and nature of reading tutoring and other supplemental services 

provided to participants by the school outside of regular classroom instruction, the 

Documentation of School Reading Instruction (DSRI) was to be completed by each 

participant’s teacher within 2 weeks of the 16-week outcome exam. The DSRI administered 

in this study was adapted from one used in multiple field-based studies of reading.43,44

Treatment

The therapy protocol was comprised of 16 weekly, 60-minute in-office therapy sessions 

performed under the supervision of a CITT-ART trained and certified therapist who followed 

a standardized, sequential protocol as described in the CITT-ART Manual of Procedures. 

Therapist contact time and prescribed treatment time in the office and at home were the 

same for both groups, and identical efforts were made to foster participant motivation and 

collaborative engagement for participants in both treatment groups. At each office visit, 4 to 

5 therapy procedures were performed, with 2 procedures prescribed to be completed at home 

for 15 minutes a day, 5 days per week. The vergence/accommodative therapy procedures 

have been described previously13 and are shown in Table 2. The placebo therapy procedures 

were intended to provide similar visual demands except for stimulation of vergence or 

accommodation beyond that resulting normally from a participant’s near viewing distance.

Follow Up Examinations, Masking, Treatment Adherence

Follow-up visits were conducted after 4, 8, 12, and 16 weeks of therapy had been completed 

(hereafter referred to as the 4-week, 8-week, and 12-week follow-up visits and the 16-week 

outcome visit). Long-term follow-up visits were completed one year after the outcome visit 

and will be reported in a future manuscript. Testing was performed with participants wearing 

their refractive correction (if applicable). Vision function testing was administered before 

therapy at the 4-, 8-, and 12-week visits (Figure 1) and reading testing was completed after 

vision function testing at the 16-week outcome exam.

Visual function testing and the Aimsweb R-CBM Oral Reading Fluency and Aimsweb Maze 

tests were administered by a study-certified vision examiner, masked to participant treatment 

group and all other reading test results. At the 16-week outcome examination, a certified 

reading examiner masked to treatment assignment and visual function testing results, 

administered the reading test battery completed at baseline (Figure 1).
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Both participants and examiners were masked to treatment group assignment. While it was 

not possible to mask the therapists, their manner of conduct, including encouragement and 

feedback, was consistent for all participants.

The number of visits that a participant attended were used to determine adherence to the 

office-based therapy. In addition, the therapist estimated participant adherence to the prior 

week’s prescribed home therapy based on electronic data from the home computer program, 

written home therapy logs, and participant and parental feedback; a 5-item Likert-type scale 

of not at all, seldom, about half the time, most of the time, and always was used to 

categorize adherence. “Most of the time” and “always” were considered as adherent to the 

prescribed home treatment regimen for the prior week. The percentage of weeks (out of 16) 

that each participant was judged to be adherent was calculated.

Sample Size

There were limited data available related to the expected treatment effects of vergence/

accommodative therapy on reading scores; thus, an estimate of Cohen’s d effect size was 

used to calculate sample size.45 Using a conservative effect size of 0.35, 10% loss to follow-

up, and 80% power with a two-sided significance level of 0.05 yielded a total sample size of 

324 participants (216 in vergence/accommodative and 108 in placebo therapy). Based on the 

observed variability at baseline in our pilot study,27 this effect size of 0.35 translates to an 

improvement of 4.06 points on the WIAT-III Reading Comprehension subtest; this effect 

size is comparable to the improvement in reading comprehension observed in the study by 

Atzmon et al.24

Statistical Analysis

All data analyses were performed using the SAS version 9.3 (SAS Inc, Cary, NC) and an 

alpha-level of 0.05. REDCap electronic data capture tools hosted at Ohio State University 

were used for data entry and management.34 Descriptive statistics [means, standard 

deviations (SD), frequency counts] for demographic characteristics, visual function findings, 

and baseline reading scores of participants were compared to assess the effectiveness of 

randomization in balancing the treatment arms. Factors showing a clinically meaningful 

difference between groups were identified as potential confounders for the multivariable 

analyses.

An intent-to-treat analysis of all participants who completed the 16-week outcome was 

performed. Hierarchical linear modeling techniques with a random effect for enrollment site 

were used.46 The dependent variable was the change in the outcome of interest from 

baseline to the 16-week outcome coded such that gains/improvements are indicated by a 

within-subject change greater than zero. Multivariable models were constructed using 

forward selection (most significant in next) methodology. Variables were retained in the final 

model if they were significantly associated with the outcome or were determined a priori to 

be important for inclusion (e.g., baseline value of the outcome). Treatment group 

interactions with baseline values and all significant covariates were assessed for inclusion in 

the model; none were identified. Cohen’s d effect sizes (between-group difference divided 

by residual error from linear model) were calculated to quantify treatment effect. Using 
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Cohen’s taxonomy, an effect size greater than 0.80 represents a large treatment effect, 

between 0.50 and 0.80 a moderate effect, and less than 0.50 a small effect.

To facilitate comparison to typical growth on norm-referenced reading tests we also 

conducted exploratory analyses to evaluate whether children in either treatment group made 

significant gains on reading measures from baseline to the 16-week outcome visit. For each 

reading measure, the estimated residual error from the hierarchical linear model was used to 

determine whether the within-group change differed significantly from 0. The magnitude of 

the change was characterized by effect size and 95% confidence intervals (CI) using 

methodology that controls for the inherent correlation between two measures obtained from 

the same individual.47 For the WIAT-III subtests, within-group improvements were 

evaluated using growth scale value scores. These scores are on an equal-interval, continuous 

scale that spans all ages and grade levels (based on item response theory or IRT), making 

them useful for tracking growth over time. Growth Scale Value scores were used in these 

analyses to compare participants’ reading growth to those reported for typical students by 

Bloom and colleagues48 who reported effect sizes using similar IRT-based growth scores. 

The mean Growth Scale Value score of 500 is anchored at Grade 3. Because Growth Scale 

Value scores were only available for the WIAT-III subtests, Normal Curve Equivalent (NCE) 

scores were used to evaluate within-group change for the GMRT-4 Reading Comprehension 

subtest, and growth for the Aimsweb measures (R-CBM Oral Reading Fluency and Maze) 

was assessed using Z-Scores.

An additional exploratory analysis compared the between-group improvement in each 

reading measure for participants classified as “successfully treated” based on a composite 

convergence outcome defined as a normal near point of convergence (<6cm) and normal 

positive fusional vergence at near (passing Sheard’s criterion30 and a base-out to break value 

> 15Δ). Contrasts within the hierarchical linear models were used, together with identified 

covariates to obtain the adjusted mean treatment effect for each reading outcome measure.

RESULTS

Enrollment

Between September 2014 and March 2017, 311 participants were enrolled. Data collected 

beyond baseline for one participant found to be ineligible were excluded by IRB mandate, 

resulting in 310 participants for analysis. The number enrolled at the 9 sites ranged from 15 

to 42 (median of 37). Mean (SD) age was 10.8 (±1.5) years and 55% were female. Table 3 

provides the study population demographics and baseline clinical characteristics by 

treatment group. Baseline characteristics were similar for both groups.

Participant Follow Up & Adverse Events

In the vergence/accommodative and placebo therapy groups, 96.6% (199 of 206) and 

100.0% (104 of 104) of participants, respectively, completed the 16-week outcome visit 

(Figure 2). Because only 7 participants missed their outcome visit, making the probability of 

bias low, an imputation analysis was not conducted. Nearly 97% of the 4921 scheduled 
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therapy visits were completed (96.8% for vergence/accommodative therapy and 96.6% for 

placebo therapy; P = 0.58). There were no treatment-related adverse events in either group.

Masking of Participants and Examiners

Eight-seven percent (170/195) of participants assigned to vergence/accommodative therapy 

and 73% (75/103) assigned to placebo therapy stated they believed they had been assigned to 

the active vergence/accommodative therapy. One vision examiner was unmasked after which 

he was recused from any future testing of that participant. No reading examiners became 

unmasked.

School Reading Instruction - Documentation of School Reading Instruction (DSRI)

The DSRI was completed by teachers at the 16-week outcome examination for 67.8% (135 

of 199) and 72.1% (75 of 104) of participants assigned to vergence/accommodative and 

placebo therapy, respectively. There were no significant differences between vergence/

accommodative therapy and placebo therapy (Table 4).

Descriptive Statistics: Reading Measures at Baseline

At baseline, the mean standard scores for all 6 WIAT-III subtests and the mean NCE score 

for the GMRT-4 Reading Comprehension subtest were slightly below the norm for both 

treatment groups (Table 5.) The mean Z-scores on the Aimsweb R-CBM Oral Reading 

Fluency and the Aimsweb Maze tests were nearly 0.50 and 0.75 standard deviations below 

the norm for both treatment groups.

Change in Reading Test Scores at 16 Weeks

The adjusted mean change in reading test scores from baseline to the 16-week outcome for 

each treatment group and the between-group treatment differences and 95% convergence 

insufficiencies are shown in Table 5, with a change greater than zero considered 

improvement and a positive treatment group difference favoring vergence/accommodative 

therapy.

Primary Outcome Measure: WIAT-III Reading Comprehension

At the 16-week outcome visit, the mean adjusted improvement in the WIAT-III Reading 

Comprehension subtest score was 3.68 points (95% CI: 2.63-4.73) for the vergence/

accommodative therapy group and 3.80 points (95% CI: 2.37-5.22) for the placebo therapy 

group (Table 5). The mean treatment group difference of −0.12 points (95% CI: −1.89 to 

1.66) was not statistically significant. Baseline scores for the WIAT-III Reading 

Comprehension, GMRT-4 Reading Comprehension, and WIAT-III Listening Comprehension 

subtests, and as well as the KBIT-2 non-verbal subscale were covariates included in the 

hierarchical linear model.

Secondary Reading Outcome Measures

All of the secondary reading outcome data including baseline and 16-week outcome scores, 

adjusted mean change in scores, mean treatment group differences (95% convergence 

insufficiencies), and effect sizes for treatment differences (Cohen’s d) are listed in Table 5. 
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There were no statistically significant mean treatment group differences for any of the 

secondary reading outcome measures.

Exploratory Analyses of Within-Group Gains

In exploratory analyses, WIAT-III Growth Scale Values were used to characterize within-

group improvements, while changes in GMRT-4 Reading Comprehension and Curriculum-

based Measures were calculated with the same measurement scales as used for between-

group comparisons. The magnitude of the observed improvement was characterized using an 

effect size and 95% convergence insufficiencies.

As shown in Table 6, large statistically significant effects (d ≥ 0.80) characterized the change 

from baseline to 16 weeks in both the vergence/accommodative and placebo therapy groups 

for the WIAT-III Oral Reading Fluency subtest and the Aimsweb Maze test. Additionally, 

large statistically significant gains in WIAT-III Word Reading (d=0.83) were observed for 

the placebo therapy group. Gains in WIAT-III Reading comprehension were moderate and 

statistically significantly in both treatment groups. Small statistically significant effects (d 

<0.50) were found for WIAT-III Pseudoword Decoding and Listening Comprehension in 

both groups and for Word Reading in the placebo group only. There were no statistically 

significant gains on the Gates-MacGinitie Reading Comprehension and Aimsweb R-CBM 

Oral Reading Fluency tests for either group.

Exploratory Analysis of Treatment Response and Reading Improvement

A between-group comparison of gains in reading measures was completed for participants 

classified as “successfully treated” using a composite convergence outcome of normal near 

point of convergence and positive fusional vergence at the 16-week outcome. Using this 

criterion, a greater proportion of participants in the vergence/accommodative group (78.3%; 

155 of 198) were classified as “successfully treated” compared with the placebo therapy 

group (28.8%; 30 of 104). However, there were no significant between-group treatment 

differences found for any reading measure (Table 7).

Visit Completion, Home Therapy Adherence, and Adverse Events

Of the 4,921 scheduled therapy visits, 4762 (96.8%) were completed, with no difference 

between the vergence/accommodative (96.8%) and the placebo (96.6%) therapy groups. 

Mean adherence with completing the prescribed home therapy most or all of the time each 

week was statistically less in the vergence/accommodative (64.2%) versus the placebo 

therapy (76.3%) group (P <.05). No adverse events were reported.

DISCUSSION

In this multicenter randomized clinical trial, 16 weeks of office-based vergence/

accommodative therapy was found to be no more effective than office-based placebo therapy 

for improving reading performance in 9- to 14-year-old children with symptomatic 

convergence insufficiency. Because previous studies found that children with symptomatic 

convergence insufficiency reported fewer symptoms when reading9, 10 and their parents 

reported a reduction in academic-impairing behaviors20 after treatment with vergence-
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accommodative therapy, we had hypothesized that office-based vergence/accommodative 

therapy would result in improved reading comprehension. Our study results, however, do not 

support this hypothesis. Similarly, all gains found for the other reading domains evaluated 

(word identification, decoding, reading fluency, and listening comprehension) were 

comparable to those found for the placebo treatment group.

Significantly greater improvements in the near point of convergence and also for positive 

fusional vergence were observed in the vergence/ accommodative therapy group compared 

with the placebo therapy group.28. In addition, a significantly greater proportion of children 

in the vergence/accommodative group than in the placebo group (78% vs 29%) were 

classified as successfully treated using the composite convergence measure of achieving 

both a normal near point of convergence and normal positive fusional vergence at outcome.
28 However, these improvements in clinical convergence measures did not translate to a 

significantly greater improvement in symptoms28 or in standardized measures of reading 

after 16 weeks of treatment for the vergence/accommodative group compared with the 

placebo therapy group.

Improvements in reading performance,24, 25 including better reading comprehension,24, 25 

speed,25 and accuracy25 in children with convergence insufficiency after treatment with 

vision therapy have been reported; however, all had methodological differences from our 

study and were conducted without a placebo control group.24, 25 We are not aware of any 

well-designed prospective randomized clinical trials to which we can compare the present 

study results. In our pilot study, we found a mean improvement of 4.2 points on the Reading 

Comprehension subtest of the WIAT-II in 44 children 9 to 16 years of age with symptomatic 

convergence insufficiency treated with 16 weeks of vergence/accommodative therapy and 

tested 8 weeks after concluding the therapy. While the 4.2 point improvement in reading 

comprehension is similar to the improvement (3.6 points; 95% CI: 2.6-4.7) found in the 

current study using the WIAT-III test, the pilot study did not include a control group. Given 

that similar improvements were found in the placebo therapy group, the present study 

demonstrates the importance of a placebo control group in intervention studies.

We had hypothesized that the impact of vergence/accommodative therapy would differ based 

on the reading domain tested. We expected that reading comprehension and reading fluency 

would be positively impacted by vergence/accommodative therapy, based on our assumption 

that improved convergence and accommodation would make reading more comfortable and 

productive. Conversely, we did not expect to find improvements for word reading, 

phonological decoding, or listening comprehension because word reading and decoding 

depend heavily on language-based processes 42 and listening comprehension does not 

involve visual stimuli. Our hypothesis of vergence/accommodative therapy having 

differential effects based on reading domain was not supported. Effect sizes indicate that the 

magnitude of difference between the two treatment groups was small and not significant for 

all reading domains tested.

We calculated Cohen’s effect sizes to compare the growth in reading skills found in our two 

treatment groups with the reading growth found with typical educational instruction.
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Bloom and colleagues45 reported mean effect sizes ranging from 0.23 to 0.40 for expected 

reading growth from one grade level to the next (as a result of typical instruction and 

maturation in grades 3 through 8) based on composite scores of reading proficiency from 

nationally-normed tests.

While improvements that exceeded the benchmarks reported by Bloom et al. were found in 

both treatment groups for reading comprehension and reading fluency as measured by the 

WIAT-III, there were small, nonsignificant declines on the GMRT-4 Reading 

Comprehension and the R-CBM Oral Reading Fluency measures for both treatment arms 

(Table 6). This different pattern of outcomes may be related to the characteristics of the tests. 

In the individually-administered WIAT-III Reading Comprehension subtest, children read 

either orally or silently and then respond verbally to questions asked by the examiner. In 

contrast, the GMRT-4 resembles a traditional achievement test in which the child reads 

several passages independently and responds to written multiple-choice questions. The 

difference in results may be because the WIAT-III does not have alternate test forms, so 

participants read the same passages at baseline and then 16 weeks later, whereas children 

read different passages at each assessment point for the R-CBM Oral Reading Fluency 

measure.

An untreated control group in the present study may have helped clarify why we found 

similar improvements on multiple reading measures in both treatment groups. A treatment 

arm that received no treatment could elucidate the role of natural history of convergence 

insufficiency, expected 16-week reading gains specific to our population, regression to the 

mean, and various placebo effects.

It is possible that both the vergence/accommodative and the placebo therapies shared some 

common element that improved some reading measures in both groups. The placebo therapy 

procedures were designed to provide visual demands similar to bonafide therapy procedures 

except for stimulating vergence and accommodation beyond that resulting normally from the 

near viewing distance. This allowed us potentially to isolate the impact of improved 

vergence and accommodation on reading while controlling for the duration of in-office 

therapy. While the placebo therapy also did not include procedures specifically directed at 

improving reading eye movements or visual attention, children in both groups were 

instructed repeatedly to keep targets clear and single. Therefore, most placebo procedures 

required high levels of visual attention and some involved eye movements and/or simple 

visual information processing tasks (e.g., visual closure, visual figure ground, visual spatial, 

or visual discrimination of patterns). It is possible that some of these therapy procedures that 

were presumably placebo may have improved some measures of reading performance.

Children in both treatment groups may have benefited from factors other than the therapies 

themselves, and such factors could be responsible for some or all of the reading growth 

found in the reading measures that improved. Placebo expectation effects and the influence 

of attention provided to the children by their therapists and parents, and even by their 

teachers who were aware of their participation in the study, could have played a role. 

Motivation is an important factor that has been shown to impact reading performance.49–52 

Children who receive increased attention and encouragement from their parents related to 
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reading are likely to have increased motivation for reading, particularly if both the children 

and parents expect the treatment to result in reading improvement. With increased attention, 

children may exert greater effort, especially with one-on-one tasks with an examiner. Robust 

placebo effects have been shown in studies investigating novel treatments that required a 

large time commitment from children and their parents.53

Particular strengths of our study design included randomization, a placebo-control group, 

masking of examiners and participants, and a Reading Center for verification of reading test 

results. The ineffectiveness of vergence/accommodative therapy in improving reading 

performance did not appear to be because of poor adherence with therapy. There were very 

few missed therapy visits and participant retention was excellent for both treatment arms.

Like all trials, there are several limitations to our study design. As mentioned, an untreated 

control group of children with symptomatic convergence insufficiency potentially could 

have helped to clarify the role of natural history, regression to the mean, and placebo effects. 

Nevertheless, a no treatment control has its own limitations in that patients assigned to such 

a group know they are not receiving treatment, which can affect self-reported outcomes and 

the likelihood of receiving treatment outside of the study. Another limitation is that, as a 

group, participants performed in the average range on reading measures at baseline. One 

might argue that the study should have been limited to children with greater potential for 

reading improvement, such as younger children or those diagnosed with mild to moderate 

reading problems. However, we could not limit the study to younger children because the 

symptom survey (CISS) used to identify our study cohort of children with “symptomatic” 

convergence insufficiency had not been validated in children younger than 9 years of age.
6–8, 26 We did not enroll solely poor readers because we did not want the study results only 

to apply to a small segment of the population of children with symptomatic convergence 

insufficiency. Nonetheless, our sample presumably includes some impaired readers based on 

the teacher reports that approximately 40% of the students in each treatment arm were 

receiving supplemental reading intervention or tutoring at school. Importantly, our sample 

permits generalizability to a typical distribution of children with symptomatic convergence 

insufficiency.

Future studies might evaluate the effectiveness of a combination of vergence/

accommodation therapy and reading tutoring. The impact of instructional reading 

interventions may be enhanced by eliminating potential barriers to improvement such as the 

eye strain and fatigue associated with convergence insufficiency. There is evidence 

suggesting that combining literacy instruction with treatments that address underlying 

conditions related to reading difficulties can enhance reading outcomes.54, 55

Conclusion and Implications for Clinical Practice

Sixteen weeks of office-based vergence/accommodative therapy was no more effective than 

office-based placebo therapy for improving reading performance in 9-to 14-year-old children 

with symptomatic convergence insufficiency. For children with convergence insufficiency in 

this age range, identification and treatment with vergence/accommodative therapy is likely 

to improve vergence and accommodation function28, which could make reading and school 

work more comfortable. However, the results of this study suggest that clinicians providing 
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vergence/accommodative therapy for the treatment of childhood convergence insufficiency 

should not suggest that such treatment, on average, will lead to improvements on 

standardized assessments of reading performance after 16 weeks of treatment.
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Figure 1. 
Eligibility testing and examination visit sequence for the CITT-ART Randomized Clinical 

Trial.
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Figure 2. 
CITT-ART Randomized Clinical Trial outcome visit flow chart.

and Scheiman Page 19

Optom Vis Sci. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

and Scheiman Page 20

Table 1.

CITT-ART Eligibility and Exclusion Criteria.

Eligibility Criteria

Age 9 to 14 years

Grades 3 through 8

CI Symptom Survey (CISS) score ≥ 16

Exophoria at near (40 cm) at least 4Δ greater than at far (4 meters)

Receded near point of convergence of ≥ 6 cm break

Insufficient positive fusional vergence at near (40 cm) (i.e., failing Sheard’s criterion or positive fusional vergence ≤15Δ base-out break)

Best-corrected distance (4 meters) and near visual acuity (40cm) of 20/25 or better in each eye

Random dot stereopsis appreciation of 500 seconds of arc or better (40 cm)

Willing to wear refractive correction for any of the following uncorrected refractive errors (based on cycloplegic refraction within prior 6 
months). (Correction must be worn for at least 2 weeks):
  – Myopia > −0.75 D spherical equivalent in either eye
  – Hyperopia > +2.00 D spherical equivalent in either eye
  – Anisometropia > 0.75 D spherical equivalent
  – Astigmatism > 1.00 D in either eye
  • Refractive error corrections adhered to the following guidelines: full hyperopic sphere power or symmetrically reduced by no more than 
1.50 D, spherical equivalent myopia and spherical equivalent anisometropia within 0.75 D of full correction; and astigmatism within 0.75 D of 
full correction and axis within 6 degrees for magnitudes of ≥ 1.00 D.

Not wearing BI prism or plus add at near for 2 weeks prior to study enrollment and for duration of study

The timing of enrollment must allow a participant to be attending school at both the baseline and the 16-week outcome examination

English is primary language spoken at home or child proficient in English as determined by the school

Parental permission to contact the child’s teacher(s) for study purposes

Parent and child understand protocol and are willing to accept randomization

Parent does not expect child to start any new ADHD medicine or change the dose of any currently taken ADHD medicine while child is being 
treated in the study

Exclusion Criteria

Constant strabismus at distance or near

Esophoria of ≥ 2Δ at distance

Vertical heterophoria ≥ 2Δ at distance or near

≥ 2-line interocular difference in best-corrected distance visual acuity

Monocular near point of accommodation >20 cm (accommodative amplitude <5D) as measured by push-up method

Manifest or latent nystagmus

Word Reading subtest score < 80 on the Wide Range Achievement Test (WRAT-4)

Kaufman Brief Intelligence Test (KBIT-2) Matrices subtest score <70

History of prior strabismus, intraocular, or refractive surgery

CI previously treated with any form of office-based vergence/accommodative therapy or home-based vergence therapy (e.g., computerized 
vergence therapy)

CI associated with head trauma or known disease of the brain

Diseases known to affect accommodation, vergence, or ocular motility such as multiple sclerosis, Graves orbitopathy, myasthenia gravis, 
diabetes mellitus, Parkinson disease

Any ocular or systemic medication known to affect accommodation or vergence such as anti-anxiety agents (e.g., Librium or Valium), anti-
arrhythmic agents (e.g., Cifenline, Cibenzoline), anti-cholinergics, bladder spasmolytic drugs (e.g., Propiverine), hydroxychloroquine, 
chloroquine, phenothiazines (e.g., Compazine, Mellaril, Thorazine), tricyclic antidepressants (e.g., Elavil, Nortriptyline, Tofranil)

Inability to comprehend and/or perform any study-related test or procedure
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Eligibility Criteria

Speech-language disorder (e.g., stuttering) that would interfere with interpretation of digital recordings of reading tests

Significant hearing loss

Household member enrolled in present CITT-ART or treated within the past 6 months with any form of office-based vergence/accommodative 
therapy or home-based vergence therapy (e.g., computerized vergence therapy)

Household member is an eye care professional, ophthalmic technician, ophthalmology or optometry resident, or optometry student
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Table 2.

Office-Based Vergence/Accommodative Therapy Procedures.

CITT-ART Vergence/Accommodative Therapy Protocol

Phase 1 Phase 2 Phase 3 Phase 4

O H O H O H O H

Gross Convergence

 Brock String √ √

 Barrel Card √ √

 Voluntary Convergence √

Fusional Vergence*

 Clown & Quoits Vectograms C R J J

 Computer Orthoptics (RDS) C C R R J J J J

 Life Saver Cards C C

 Aperture Rule R J

 Eccentric Circles C C J J

Accommodative

 Monocular Loose Lens Facility √ √

 Monocular Letter Chart Facility √ √ √

 Bulls Eye Rock √ √

 Lens Sorting √ √ √

 Stereoscope Bi-Ocular Facility √

 Prism Dissociation Bi-Ocular Facility √

 Computer Orthoptics Accommodative Rock √ √ √ √ √

 Binocular ± 2.00 D Flipper Facility √ √

RDS = random dot stereograms: O = office therapy; H = home therapy; C = techniques emphasize convergence amplitudes (positive fusional 
vergence) only; R = ramp/smooth positive & negative fusional vergence procedures; J = jump vergence procedures (some with added prism; mainly 
change from convergence to divergence demand; some from no vergence demand to a moderate convergence or divergence demand)
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Table 3.

Baseline Clinical and Demographic Characteristics by Treatment Group.

Vergence/Accommodative 
Therapy (n = 206)

Placebo Therapy (n = 
104) Overall (n = 310)

Age (years) Mean (SD) 10.8 (1.5) 10.9 (1.4) 10.8 (1.5)

Convergence Insufficiency Symptom Survey score Mean 
(SD) 29.1 (8.5) 30.4 (8.8) 29.5 (8.6)

Exodeviation at distance (Δ) Mean (SD) 2.1 (2.9) 2.1 (3.5) 2.1 (3.1)

Exodeviation at near (Δ) Mean (SD) 9.9 (4.1) 10.0 (4.9) 9.9 (4.4)

Near Point of Convergence (cm) Mean (SD) 13.8 (7.9) 14.9 (8.1) 14.2 (8)

Near Point of Convergence recovery (cm) Mean (SD) 17.4 (8.7) 18.5 (8.6) 17.8 (8.7)

Positive Fusional Vergence Blur/Break (Δ) Mean (SD) 11.3 (5.5) 11.1 (5.4) 11.5 (4.2)

Female, No. (%) 123 (59.7%) 48 (46.2%) 171 (55.2%)

Race, No. (%)

  American Indian or Alaskan native 4 (1.9%) 5 (4.8%) 9 (2.9%)

  Asian 5 (2.4%) 3 (2.9%) 8 (2.6%)

  Black or African American 52 (25.2%) 30 (28.8%) 82 (26.5%)

  White 126 (61.2%) 51 (49%) 177 (57.1%)

  Other 19 (9.2%) 15 (14.4%) 34 (11%)

Hispanic or Latino, No. (%)

  Hispanic or Latino 77 (37.4%) 38 (36.5%) 115 (37.1%)

  Non-Hispanic or Latino 129 (62.6%) 66 (63.5%) 195 (62.9%)

Attention Deficit Hyperactivity Disorder (Parent 
Report), No. (%) 38 (18.4%) 21 (20.2%) 59 (19%)

SD = standard deviation; Δ = prism diopter; cm = centimeter
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Table 4.

Documentation of School Reading Instruction (DSRI).

Teacher Survey Response
OBVAT Placebo

N Percent N Percent P value

Completed by Teacher at Outcome 135 of 199 67.8 75 of 104 72.1 .44

Participant received some type of school service 64 of 126 50.8 35 of 71 49.3 .48

 Supplemental reading tutoring 26 of 64 40.6 17 of 35 48.6 .45

 Gifted and talented program 10 of 64 15.6 7 of 35 20.0 .58

Receiving special education services at time of outcome exam 25 of 128 19.5 11 of 69 15.9 .53

Supplemental reading instruction, minutes per week (95% CI) 138 (108 to 168) 136 (100 to 172) P = .79
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Table 6.

Within-Group Change in Reading Outcomes: Effect Size (Cohen’s d) and 95% Confidence Intervals for 

Change from Baseline to 16 Weeks by Treatment Group.

Reading Outcome Vergence/Accommodative Therapy Placebo Therapy

Wechsler Individual Achievement Test, 3rd ed.
a

Reading Comprehension 0.65 (0.43, 0.86) 0.70 (0.41, 0.99)

Word Reading 0.38 (0.17, 0.59) 0.83 (0.54, 1.12)

Pseudoword Decoding 0.25 (0.05, 0.46) 0.44 (0.16, 0.73)

Oral Reading Fluency 0.83 (0.62, 1.04) 1.14 (0.84, 1.44)

Listening Comprehension: Receptive Vocabulary
b 0.34 (0.14, 0.55) 0.40 (0.12, 0.69)

Listening Comprehension: Oral Discourse Comprehension
b 0.38 (0.18, 0.59) 0.28 (−0.002, 0.56)

Gates-MacGinitie Reading Test, 4th ed.
c

Reading Comprehension −0.08 (−0.28, 0.13) −0.18 (−0.47, 0.10)

Aimsweb Curriculum-based Measures
d

R-CBM Oral Reading Fluency −0.21 (−0.41, −0.007) −0.05 (−0.32, 0.23)

Maze
d 0.81 (0.60, 1.02) 0.84 (0.54, 1.13)

CI = confidence interval

a
Growth Scale Value (continuous scores across grade levels)

b
For Growth Scale Value Scores, the two parts of Listening Comprehnesion are reported separately.

c
Normal Curve Equivalent scores (mean = 50; SD = 21.06)

d
Z-scores (mean = 0; SD = 1)

e
The Aimsweb Maze test measures silent reading fluency and comprehension.
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Table 7.

Reading Outcomes: Treatment Difference
†,‡

 (95% confidence interval) and Effect Sizes for Participants 

Successfully Treated
a

Reading Outcome Mean Treatment Effect (95% CI) Effect Size
b

Wechsler Individual Achievement Test, 3rd ed.
c

Reading Comprehension −0.48 (−3.49, 2.52) −0.07

Word Reading −1.26 (−3.32, 0.79) −0.25

Pseudoword Decoding 1.15 (−1.02, 3.33) 0.21

Oral Reading Fluency −1.41 (−3.56, 0.54) −0.30

Listening Comprehension −3.18 (−6.66, 0.30) −0.37

Gates-MacGinitie Reading Test, 4th ed.
d

Reading Comprehension 0.03 (−5.20, 5.25) 0.002

Aimsweb Curriculum-based Measures
e

R-CBM Oral Reading Fluency −0.07 (−0.23, 0.084) −0.20

Maze
f 0.08 (−0.17, 0.32) 0.13

†
Adjusted for baseline reading scores along with any other identified covariates

‡
Calculated as adjusted mean in Vergence/Accommodative Therapy group minus adjusted mean in Placebo Therapy group

a
Successfully Treated = normal values for near point of convergence and positive fusional vergence at near

b
Effect sizes compare successfully treated participants in the two treatment groups. Negative effect sizes indicate greater improvement in the 

Placebo Therapy group.

c
Standard score improvement (Mean = 100; SD = 15)

d
Normal Curve Equivalent improvement (Mean = 50; SD = 21.06)

e
Z-score improvement (Mean = 0; SD = 1)

f
The Aimsweb Maze test measures silent reading fluency and comprehension.
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