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Abstract

Objective: The Fagan Test of Infant Intelligence (FTII) uses longer gaze length for unfamiliar 

versus familiar human faces to gauge visual-spatial encoding, attention, and working memory in 

infants. Our objective was to establish the feasibility of automated eye-tracking with the FTII in 

HIV-exposed Ugandan infants.

Method: The FTII was administered to 31 perinatally HIV exposed non-infected (HEU) Ugandan 

children 6 to 12 months of age (11 boys; M=0.69 yrs, SD=0.14; 19 girls; M=0.79, SD=0.15). A 

series of 10 different faces were presented (familiar face exposure for 25 seconds followed by a 

gaze preference trial of 15 seconds with both the familiar and unfamiliar faces). Tobii X2–30 

infrared camera for pupil detection provided automated eye-tracking measures of gaze location 

and length during presentation of Ugandan faces selected to correspond to the gender, age (adult, 

child), face expression, and orientation of the original FTII. Eye-tracking gaze length for 

unfamiliar faces was correlated with performance on the Mullen Scales of Early Learning 

(MSEL).

Results: Infants gazed longer at the novel picture compared to familiar across 10 novelty 

preference trials. Better MSEL cognitive development was correlated with proportionately longer 

time spent looking at the novel faces (r(30)=0.52,P=0.004); especially for the Fine Motor cognitive 

sub-scale (r(30)=0.54,P=0.002).

Conclusion: Automated eye tracking in a human face recognition test proved feasible and 

corresponded to the MSEL composite cognitive development in HEU infants in a resource-
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constrained clinical setting. Eye tracking may be a viable means of enhancing the validity and 

accuracy of other neurodevelopmental measures in at-risk children in sub-Saharan Africa.
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INTRODUCTION

Dr. Joseph Fagan pioneered the use of length of infant gaze to novel human faces in his 

development of the Fagan Test of Infant Intelligence (FTII) in the early 1980s (Plomin, 

2006). Fagan and colleagues demonstrated the predictive validity of the Fagan test to other 

widely used developmental assessments for mental development, such as the Bayley Scales 

of Infant Development and the Wechsler Scale Intelligence of Children performance in 

middle childhood (Fagan, 2000; Fagan & Detterman, 1992; Fagan & Haiken-Vasen, 1997). 

Since then, infant gaze length as a measure of novelty preference is a well-established 

principle in developmental psychology (Judge, Chang, & Lammi-Keefe, 2015).

Since the pioneering work for Fagan and colleagues with the FTII in the 1980s and 1990s, 

the sensitivity of this test to neurodevelopmental risk and disorders in infants and very young 

children has been further established with outcomes such as premature birth and low birth 

weight infants (Guzzetta et al., 2006), malnutrition and developmental delay (Nelson, 

Goldenberg, Hoffman, & Cliver, 1997), polyunsaturated fat oils and other micronutrient 

interventions for under-nutrition (vitamin A, iron) (O’Connor et al., 2001), environmental 

toxic exposures (e.g., methyl-mercury, lead, PCBs) (Davidson et al., 1999; Emory, Ansari, 

Pattillo, Archibold, & Chevalier, 2003; Jedrychowski et al., 2008; Myers et al., 1995), 

congenital and early childhood diseases (e.g., Rett’s Syndrome) (von Tetzchner et al., 1996), 

and gestational exposure to cocaine and other maternal drug and alcohol use (Chiriboga, 

Kuhn, & Wasserman, 2007; Jacobson, Chiodo, Sokol, & Jacobson, 2002).

Although the FTII is sensitive to perinatal risk and toxic exposure (Davidson et al., 1999; 

Emory et al., 2003; Jedrychowski et al., 2008; Myers et al., 1995), and has strong predictive 

validity for measures of cognitive ability in later childhood, it has proven less sensitive when 

applied to gestational and developmental risk in low resource settings (Drotar et al., 1999). 

To illustrate, the Bayley scales were more sensitive than the Fagan test to early 

developmental deficits from HIV disease in Ugandan infants in the first two years of life 

(Drotar et al., 1997). Drotar et al. (1997) applied the FTII to HIV-infected children along 

with non-infected comparison groups, using the Bayley Scales of Infant Development 

(BSID) as the gold standard. With the BSID at 12 months, 30% of HIV-infected children 

showed significant developmental delay, as compared to 5% of the non-infected. The 

differences in developmental delay were even more dramatic by 24 months (Drotar et al., 

1997). However, significant gaze length differences between infected and non-infected 

Ugandan infants were not observed with the FTII.

We propose that the limited validity of the Fagan test in such low-resource settings was 

likely due to the high level of training and quality assurance monitoring needed to measure 
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infant gaze length manually from behind a viewing eye slot for the face panels being 

presented (see Figure 1, upper right photograph). This explanation regarding the validity of 

the FTII compared to the BSID in documenting developmental delay in Ugandan children 

with HIV is further supported the results of other attempts to use the FTII in low and middle 

income countries (LMICs). Attempts to validate the Fagan test in Laos in 1992 in order to 

gauge developmental risk factors in that setting also met with very limited success (Karen 

Olness, personal communication). During this period, Fagan and colleagues’ attempts to 

automate the process with early automated eye gaze tracking ( i-scan) technology proved 

cumbersome and expensive, and the instrumentation of use only in a highly controlled 

laboratory setting (Fagan & Detterman, 1992; Fagan & Haiken-Vasen, 1997).

In recent years, eye tracking technology and instrumentation has become very precise, 

powerful, affordable, and portable as a measurement tool (Sandgren, Andersson, van de 

Weijer, Hansson, & Sahlen, 2013; Seligman & Giovannetti, 2015). Because of this, eye-

tracking instruments have been extensively validated as a sensitive measure of child 

attention, working memory, and learning in laboratory-based cognitive neurodevelopmental 

research related to language learning and literacy development (Caruana, Brock, & Woolgar, 

2015; Ellis, Borovsky, Elman, & Evans, 2015).

However, we know of only two published reports where eye tracking instrumentation has 

been used to evaluate neurocognitive response with children in the African setting. The first 

is a study by our group in which Tobii eye tracking was compared to webcam-based 

observer scoring on an animation viewing measure of attention (Early Childhood Vigilance 

Test or ECVT) to evaluate the feasibility of automating Tobii eye tracking measurement and 

scoring, with the same instrumentation used in the present study (Michael J. Boivin et al., 

2017). For HIV-exposed Ugandan children 44 to 65 months from our present study site, 

Tobii eye tracking measures of gaze length duration for a six minute animation cartoon were 

compared performance measures from the Mullen Scales of Early Learning (MSEL), Color-

Object Association Test (COAT), and Behavior Rating Inventory of Executive Function for 

preschool children (BRIEF-P). Children watched 78% of the cartoon, and this measure of 

ECVT attention was significantly correlated with COAT memory and learning. This 

established the feasibility of Tobii eye tracking technology as a measure of attention with 

HIV-affected toddlers in our present study setting.

The other published report was by Forssman and colleagues (2017), in which they presented 

a visual tracking and visual switching task to a sample of both Finnish (N=39) and 

Malawian (N=40) nine-month old infants in order to establish the feasibility of Tobii-based 

eye-tracking measures in a cross-cultural study (Forssman et al., 2017). Both groups of 

infants had a very high completion rate for the visual testing procedure while providing valid 

eye tracking data (> 90%), and parents in both cultures had a high acceptance rate of this 

kind of evaluation for their children. However, compared with Finnish infants, Malawian 

infants had a lower rate of successful visual search responses, longer attention visual 

tracking shift times (indicative of processing speed), and a lower rate of gaze 

disengagements from the presentation of human faces on the computer monitor.
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Forssman and colleagues concluded that in addition to risk factors for brain/behavior 

development, a number of other reasons could explain the difference, such as a heightened 

sensitivity of the Malawian infants to stressful environments that could disrupt their social 

responsiveness, or responsiveness to computer monitor displays. Irrespective, both our group 

with Ugandan HIV-affected children and Forssman and colleagues in their study with 

Malawian children were able to establish that the use of eye tracking technologies in infant 

cognitive testing is feasible and acceptable in the African context (i.e., proof of concept).

The present study also seeks to establish the feasibility of eye tracking as part of a 

neurocognitive assessment in African context, only with infants and very young children in a 

visual-spatial encoding working memory task for human faces. Furthermore, we seek to do 

so with a widely used and cross-culturally well-validated test of infant intelligence (the 

FTII) and to do so with African children perinatally exposed to HIV. It is time to re-consider 

the application of eye-tracking measures as a sensitive and precise way to measure infant 

and toddler development (clinic and field settings) in low-resource settings at risk for 

disease, malnutrition, and neglect (Olness, 2003). Such measures can also gauge the benefits 

of maternal and child health interventions for such risk factors, by establishing a sensitive 

developmental trajectory for brain/behavior function and integrity throughout the first year 

of life (Andersson, 1996; Guzzetta et al., 2006; Nelson et al., 1997; Thompson, Fagan, & 

Fulker, 1991).

Principal Study Objective and Plan.

We completed a randomized controlled trial in an impoverished rural area of Sub-Saharan 

Africa where we trained caregivers of children exposed to HIV. We enrolled mothers of 31 

infants for this Tobii eye-tracking feasibility study. Each infant underwent a single modified 

Fagan assessment (using photographs of Ugandan faces; these have been matched to the 

gender, age, and expression attributes of the mostly Caucasian human faces in the standard 

Fagan test) along with a Mullen Scales of Early Learning (MSEL) developmental 

assessment.

We gauged the correspondence validity of our Fagan test infant eye-tracking measure to 

more global developmental outcomes assessed by the MSEL (Gross Motor, Fine Motor, 

Visual Reception, Receptive Language, and Expressive Language). The MSEL has been 

used extensively in this setting with young children, and it has been found to have good 

construct validity in the measurement of the effects of HIV exposure and quality of 

caregiving in very early childhood (M. J. Boivin, Bangirana, Nakasuja, et al., 2013; M. J. 

Boivin, Bangirana, Nakasujja, et al., 2013).

This purpose of the present pilot study is to validate a modified-Fagan Test that utilizes eye-

tracking technology in a low-resource setting. This is the first study to establish a portable, 

accessible, and affordable technology that can be applied to any range of neurocognitive 

testing in a low-resource area. By validating the use of portable eye-tracking technology 

with this test, early detection and intervention can be made possible. Furthermore, we can 

quantify the effect of exposures, not limited to HIV, on infant cognitive development.
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METHOD

Study recruitment population.

IRB approval for this study was obtained from Michigan State University (FWA #0000 

4556) and the Makerere University School of Medicine Research Ethics Committee ( FWA 

#0000 1293). A research permit was also obtained from the Ugandan National Council of 

Science and Technology. Participating households with eligible children were staying within 

a 20 km area of Tororo town, and were referred to our study by the AIDS Support Network 

(TASO) Tororo community center and the Infectious Disease Research Collaboration 

(IDRC) at Tororo District Hospital. Our population of HIV-infected mothers had previously 

enrolled a child in an early childhood malaria-treatment program (Kamya et al., 2014). 

Study children came from the same mothers and were siblings of children in the malaria 

chemoprophylaxis treatment program. The study children included 31 infants ranged from 6 

months to 12 months of age at enrollment (see Table 1), with 11 boys (M=0.69, SD=0.14) 

and 20 girls (M=0.79, SD=0.15). Written consent was obtained from all of the mothers after 

the consent form was explained in the mother’s local language.

Inclusion criteria.

Only non-infected HIV-exposed children from mothers participating in the IDRC malaria 

treatment program, ages 6 to 12 months, were included.

Exclusion criteria.

A child was excluded from the study if he or she had a medical history of serious birth 

complications, severe malnutrition, bacterial meningitis, encephalitis, cerebral malaria, or 

other known brain injury or disorder requiring hospitalization. A clinical medical officer 

using the Ten Question Questionnaire screened each eligible child for neurodisability 

(Durkin, Gottlieb, Maenner, Cappa, & Loaiza, 2008), excluding that child if any was 

verified.

Modified Fagan Test of Infant Intelligence (FTII).

The presentation sequence of faces from the original Fagan Test was preserved. However, 

instead of using the stock Caucasian photos, pictures of 11 local Ugandans were taken to 

preserve cultural appropriateness. The photos taken corresponded to the approximate age 

range (baby, child, adult), gender, facial expression, and orientation of the image, in 

accordance with the original photos (see Figure 2). Written and informed consent was 

received from all of these individuals, none of whom had any relation or known interaction 

with study participants in order to preserve novelty.

As a result of initial pilot testing with several Ugandan infants who were 12 months of age, 

we changed the presentation of the Ugandan faces so that they were presented against a 

yellow background to make them more visually salient for the infants. A chime also sounded 

whenever the face presentations were changed. Finally, we changed the original human face 

presentation format so that the presentation of the human faces to the infant was done while 

a recorded Ugandan instrumental traditional folk music (slow paced/serene) played in the 

background. This seemed to calm the children so that they could attend through the entire 
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sequence of face presentations. By modifying the FTII to enhance the child’s propensity to 

attend to the presentation screen, we were better able to use the Tobii eye tracking 

instrumentation to automate the measurement of gaze duration for the pictures of the faces 

that were presented on our presentation video. The total presentation time of the video 

presenting the human faces was approximately 6 minutes.

Tobii Studio-Enterprise software was used for programming and administration of the 

modified FTII. A series of faces are presented in a repeated pattern throughout a six-minute 

video. First, unknown Face 1 is presented on both sides of the screen for 25 seconds during a 

familiarization period. On the next screen, now-familiar Face 1 is presented alongside 

unfamiliar Face 2 for 15 seconds. On the subsequent screen, the same faces are presented for 

15 seconds but right-left orientation is switched. One trial comprises this whole sequence 

and there are 10 trials throughout the test (see Figure 1, lower portion).

We measured the ratio of time the infant spent looking at the unfamiliar picture to the 

familiar picture and used this level of novelty (unfamiliar face) preference as a principal 

outcome measure for the study children. Total time gazing at the familiar face was also 

measured, as well as total time spent viewing the presentation video screen across all faces 

(familiar and unfamiliar). Response time gaze latency to the unfamiliar face was also 

measured, which could be as low as zero seconds if the child was already looking at that side 

of the monitor screen when it was presented.

Tobii Professional Studio Eye Tracking Programming.

We programmed a Tobii X2–30 portable infrared camera to monitor the child’s pupil 

direction during the presentation of pictures of human faces (Figure 1). Although the Tobii 

infrared camera was operated by the laptop on battery charge, an additional independent 

battery-operated universal power stabilizer in the testing room provided a stable source of 

AC 120 volt power in the event of power outages. This power source allowed us to operate 

the 22 inch computer monitor attached to the laptop computers, so that the pictures of 

human faces could be very visible to the child when presented through the laptop by the 

Tobii Professional Studio eye tracking software for data collection. A diesel fuel generator 

for our study clinic was also available for recharging the universal power stabilizer in the 

event of extended power outages, and to maintain adequate fluorescent bulb lighting for 

pupil detection by the Tobii infrared camera. After successful calibration of pupillary gaze 

direction at the start of each testing session using (using the Tobii Studio Professional 

calibration instrumentation verification program), presentation of pictures of human faces 

was started and total time spent looking at a given human face was automatically measured 

using the following program features. The software does not allow the video to play until the 

automatic calibration tool has sufficiently tracked the participants eye gaze across the entire 

screen. An area of interest (AOI) is a pre-determined area, or zone, of the screen that is of 

interest. In this study, for example, an AOI would be the area on the computer screen 

monitor for the image of a human face. AOIs are set in order to determine total gaze length 

on that area throughout the test.

A fixation is defined as the time that both eyes are statically locked (i.e. not perceptibly 

moving) on an area of the screen. Fixation duration measures are the sum of fixation time 
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while looking within the AOI. This measure does not include the time it takes for the eyes to 

move between points A and B on the computer screen for the human face pictures that were 

presented.

Total time spent looking at the familiar and the unfamiliar faces in children trials was 

automatically measured using the following program features. AOIs are set in order to 

determine total gaze length on that area throughout the test. Fixation duration measures the 

sum of fixations, which measures the time that both eyes are statically locked (i.e. not 

perceptibly moving) on the faces within our AOIs. Since human face pictures were presented 

in pairs (an identical pair or else a familiar (previously presented) and unfamiliar (novel) 

pair), this measure does not include the time it takes for the eyes to move between points A 

(human face on one side of the computer screen) and B (human face on the other side) (see 

lower portion of Figure 1).

A first-visit duration was defined as the interval of time between the first fixation outside of 

the AOI (not looking at a newly presented human face picture) and the first gaze inside of 

the AOI (looking at the newly presented face picture). This measure could be as low as zero 

seconds if the child was already looking inside of the AOI of the monitor screen when the 

human face picture was presented. Total visit duration measures the duration of each 

individual visit within an AOI (looks at a given human face picture).

Mullen Scales of Early Learning.

The MSEL is intended for use in assessing children from birth to 68 months and provides 

assessment scores for the developmental domains of Gross Motor (up to 36 months), Visual 

Reception, Fine Motor, Receptive Language, and Expressive Language (Mullen, 1995). The 

Early Learning Composite provides a measure of g, the general measure of fluid intelligence 

thought to underlie cognitive ability in general. It is derived from the standardized T scores 

of the four scales, all of which have memory and learning items as part of the assessment 

(Visual Reception, Fine Motor, Receptive Language, & Expressive Language). In validation 

studies, the Early Learning Composite has a correlation coefficient of 0.70 with the Bayley 

Mental Development Index measure (Bradley-Johnson, 2001).

Statistical analysis:

The distributions of and correlations among the principal measures of the developmental test 

(MSEL, Modified Fagan Test Tobii eye tracking indicators: fixation duration and total visit 

duration) were evaluated. The associations between the Fagan Test eye tracking indicators 

and the MSEL composite cognitive development score was also depicted as a scatterplots. 

Analyses were completed using SAS 9.4

RESULTS

Two of the 30 children tested had to be rescheduled for a 2nd evaluation because valid eye 

tracking data was not obtained in the initial Fagan test assessment. The remaining children 

were successfully evaluated on the initial assessment. The left-most column in Table 2 

presents the correlation between age and all Tobii eye tracking measures. The Mullen scale 

scores are already adjusted for age using American-based norms, since no normative data 

Chhaya et al. Page 7

Child Neuropsychol. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



are available for Uganda for this measure. Since age is not significantly correlated with any 

of the Tobii eye tracking measures (Table 2), the significant correlations in this Table are not 

compromised when adjusting for age. This was verified by comparing age-adjusted partial to 

the unadjusted correlations for the significant correlation coefficients in Table 2.

Infants spent significantly more time gazing at the novel pictures than familiar pictures in 

over 10 trials (t(30)=9.17,P<0.001) (see Table 2). The MSEL composite cognitive ability 

score was correlated with overall proportion of time spent looking at the novel faces as 

compared to the familiar faces when they were presented together (r(30)=0.52,P=0.004). 

The scatterplot of this relationship is in Figure 3. This correlation remained significant when 

adjusted for the number of coefficients computed within the present study analyses. The 

MSEL Fine Motor tasks, which measures visuospatial working memory, was also 

significantly correlated with proportion of gaze length to novel faces (r(30)=0.54,P=0.002), 

overall gaze length to familiar faces (r(30)=0.38,P=0.04), and overall gaze length to novel 

faces (r(30)=0.40,P=0.03).

DISCUSSION

The eye-tracking instrument used, Tobii X2–30 compact, was feasibly implemented in our 

research-setting as it connected to a laptop to measure the length of infant eye gaze to a 

modified version of the FTII, adapted to the Ugandan context. The software was 

programmed to evaluate an infant’s visual-spatial encoding working memory for familiar 

and novel human faces, as well as fixation duration and total visit duration on pre-defined 

AOI. As hypothesized, we obtained longer gaze length to unfamiliar faces in Ugandan HEU 

infants 6 to 12 months of age. Furthermore, Tobii measurements of gaze length with the 

modified FTII were associated with MSEL cognitive development indicators. These results 

suggest that eye tracking with a locally-modified FTII can be used with the MSEL to 

evaluate the neurodevelopmental effects of other risk factors and clinical interventions for 

children in resource-limited settings such as our present study site (e.g., HIV exposure and 

treatment, malaria exposure and treatment, malnutrition, quality of caregiving).

Two of our 30 study children did have to be re-tested due to a loss of Tobii infrared camera 

calibration during the Fagan test assessment, resulting in initially invalid eye tracking data. 

Both children were successfully retested on the 2nd attempt, but this illustrates one of the key 

issues that holds impact on the feasibility of eye tracking assessment with infants and very 

young children in such settings. Movement or a sudden change in lighting for example due 

to an undisciplined tester or a power outage, can readily invalidate the testing. Parameters 

like poor calibration accuracy, flicker, child movement, and data loss due to software 

mismanagement can occur in any clinical setting which attempts to complement 

neurodevelopmental assessment with eye tracking assessment. We were able to establish the 

feasibility of such assessments in a clinical setting at a small African hospital, but these are 

important considerations that can affect the quality of research data, or the clinical utility of 

such measures in resource-constrained settings. As such, the successful roll-out of this 

technology for the assessment of neurodevelopmental outcomes in the African context 

should be cautiously considered.
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As did Boivin et al (2017) with Ugandan HIV-exposed toddlers and Forssman et al (2017) 

with Malawian infants, who both used Tobii eye tacking instrumentation and a cognitive 

visual tracking task, the present study has also established the feasibility of eye tracking 

measures, only this time with infant children in a medical clinic setting. We also established 

ways in which the Fagan test, modified for the Ugandan context, produces working memory 

outcomes that significantly correlated with other cognitive and neurodevelopmental 

assessments in HIV-affected children in an African context. In a recent review of a variety of 

pediatric neurodevelopmental and neuropsychological assessments used in low and middle 

income countries, the authors noted that many of the assessments adapted for use have not 

been well validated in these contexts (Semrud-Clikeman et al., 2016). Furthermore, in order 

to administer these assessments in a valid and reliable matter, significant training and 

monitoring of the assessment personnel is necessary. This is especially the case for test 

measures which depend on observer evaluation of a child’s behavior, even if preserved 

within a video record. Because of this, observer variability in evaluating video-based scoring 

of behavioral outcomes has proven to be a serious limitation for such measures (Dickerson, 

Gerhardstein, Zack, & Barr, 2013).

When enhanced with the latest tools in eye tracking measurement, our findings support the 

use of infant gaze length for novel human faces as a sensitive behavioral indicator of 

working memory in infancy and early childhood development in the African context. We 

have also provided evidence to support the sensitivity of this measure to risk factors 

compromising gestational and early childhood brain development in resource-constrained 

settings. This is because infant gaze length preference for novelty is related to attention and 

visual-spatial encoding and working memory processes that are foundational to 

neuropsychological functions as they mature and expand through middle and late childhood 

(Thompson et al., 1991).

Our principal study objective was to apply more recent technical advances in eye-tracking 

instrumentation and technology in order to make the FTII more reliable and sensitive to 

neurodevelopmental risk and disorders in very young children in resource-constrained 

settings. Our present findings support the proposal that advances in the sophistication, 

affordability, and portability of eye-tracking technology to make feasible an infant eye gaze 

test in low-resource settings.

Eye-tracking technology provides an accurate, portable solution to the limitations of rural 

sub-Saharan Africa. These trackers have very accurate temporal and spatial measurements, 

gathering information on the order of milliseconds and accurate to 0.4 degree. Another 

advantage of modern eye trackers, which use an infrared light source and corneal reflection 

to precisely measure the direction and duration of pupil movements, is an increased 

tolerance to infant head movement than past equipment. Eye-tracking equipment thus has 

potential for the assessment of a broad range of attention and cognitive processes in infants.

In the only previous attempt to use the FTII in the African context, no significant difference 

demonstrated between HIV infected and non-infected infants through 2 years of age (Drotar 

et al., 1997). The results of the study were surprising to the authors, as there is extensive 

predictive validity and cross-cultural data in support of the FTII (Drotar et al., 1997). 
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Applying the Fagan Test manually takes a lot of training, motivation, and attention to be 

accurate. Experimenters are attempting to gauge rapid and brief adjustments of infantile 

gaze with a stopwatch, even in perfect study conditions. However, studies are even more 

susceptible to measurement error with an unpredictable environment that is under-resourced 

and inundated with patients, such as the rural clinical environments of sub-Saharan Africa. 

Although computers and digital technology have changed the landscape and given us 

increasingly accurate ways to measure neurodevelopment, the challenge of utilizing this 

technology in low-resource areas remains.

We found that eye-tracking technology allowed for a more objective and automated means 

of monitoring developmental progress. The application of portable technology that can be 

used in low resource settings to provide a more objective and automated measure of 

cognitive development is multifold. The use of this modified Fagan Test, using eye-tracking 

technology, is not limited to the scope of this study. This portable technology can be used to 

assess neurodevelopmental outcomes from any exposure, such as malaria or malnutrition 

(Knox et al., 2016).

Having validated the measure using non-infected exposed infants in this study based on 

correlation with MSEL, a comparison can now be made between infected, exposed, and non-

exposed infants. If there is a strong correlation and difference between these three groups, 

this evidence would yield support to a causal link between HIV and cognitive development. 

After making these comparisons, the FTII can used to identify at risk infants early in their 

development. By identifying these infants, intervention can be targeted to children in whom 

it will yield a large positive trajectory.

Conclusion.

Adapting and improving the sensitivity of the Fagan test in a low-resource setting in rural 

Uganda by using eye-tracking technology has validated its use in this setting. This 

technology is not limited to the measurement of working-memory using faces. Rural and 

low-resource settings provide a challenge for researchers in implementing useful technology 

for a host of reasons, not limited to electricity, portability, and skill. This Tobii eye-tracker 

served as a portable device that did not require excessive training or skill to administer. 

Furthermore, it was powered through the laptop computer itself. Therefore, it did not require 

a large power source, and it can provide the basis for brain and behavior assessments of 

infants globally. In this case, the exposure investigated was HIV. Whether malaria, 

meningitis, malnutrition, or any other exposure is being investigated, this test and 

technology can be diversely and widely applied.
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Figure 1 Caption. 
The upper left photograph shows the manual face image and eye gaze measurement 

apparatus for the original Fagan test. The upper right photograph shows the initial 

calibration of Tobii X2–30 infrared camera (mounted on bottom of laptop) for calibrating 

pupil gaze to the modified Fagan Test picture presentations on the large monitor screen. The 

bottom figure shows the familiarization trial presentation of the same pair of Ugandan faces 

for 25 seconds, followed by the gaze preference trial with the presentation of both the 

familiar (prior) face and the new (unfamiliar) face for 15 seconds.
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Figure 2 Caption. 
The presentation sequence of faces from the original Fagan Test was preserved. However, 

instead of using the stock Caucasian photos, pictures of 11 local Ugandans were taken to 

preserve cultural sensitivity. The photos taken corresponded to the approximate age range 

(baby, child, adult), gender, and facial expression of the original photos.
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Figure 3 Caption. 
This is a scatterplot with a least-squares fit line depicting the relationship between the Fagan 

Test Tobii eye tracking measure of proportion of face viewing time viewing the novel face 

presentations, and the Mullen Scales of Early Learning (MSEL) standardized composite 

score for the cognitive scales (Visual Reception, Fine Motor, Receptive Language, and 

Expressive Language
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Table 1.

Descriptive statistics (N, Mean, Standard Deviation, Minimum, Maximum score) are presented for all of the 

descriptive and test performance measures for the present study.

Variable N Mean Std Dev Minimum Maximum

Age at testing (yrs) 30 0.76 0.16 0.51 1.01

Birth Weight (kgs) 25 3.22 0.64 2.00 4.50

Tobii Eye Tracking Measures for the Modified Fagan Test of Infant Intelligence (seconds)

Mean Time to First Fixation Full Screen 30 1.22 1.72 0 7.10

Mean Time to First Fixation Non-Familiar Face 30 26.76 1.62 25.71 33.62

Mean Time to First Fixation Familiar Face 30 28.92 3.86 25.37 39.58

Mean Gaze Fixation Duration Unfamiliar-Face Side 30 55.67 11.64 35.40 77.94

Mean Gaze Fixation Duration Familiar-Face Side 30 38.55 10.77 22.42 59.86

Mean Gaze Duration Unfamiliar-Face Side 30 62.04 10.45 39.18 79.32

Mean Gaze Duration Familiar-Face Side 30 43.37 10.46 25.55 63.76

Proportion of Gaze Duration to Unfamiliar Face 30 0.59 0.06 0.49 0.71

Gaze Duration Full Screen 30 242.16 35.19 165.48 295.46

Mullen Scales of Early Learning (MSEL) (Standardized for age by gender using USA norms)

Composite Cognitive Score 30 96.42 13.19 69 122

Receptive Language scale 30 44.03 9.65 25 65

Expressive Language scale 30 51.74 8.64 37 66

Fine Motor scale 30 48.48 11.72 28 68

Gross Motor scale 30 51.35 9.23 23 68

Visual Reception scale 30 48.35 10.93 20 68
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