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Abstract. An alteration of the quality of the visual information flow might re-
sults in motor and cognitive compensation syndromes, as a consequence of the
link between vision, perceptual information gating, and orientation of the atten-
tion focus. The relation between eye-movements and attention focus provides
the rationale for rehabilitation protocols to improve attention regulation and in-
hibition deficits via prismatic lenses. Yet, while the use of high-power prisms in
the clinical field has been vastly explored, the potential of low-power prismatic
lenses as a mean to empower the efficiency of attention orientation skills is
mostly unexplored. Building on limited available evidence, this study aimed at
investigating the effects of an intensive empowerment protocol based on centes-
imal prismatic lenses on attention-related processes in atypical development.
Specifically, 15 young adults diagnosed with learning disorders took part in a
longitudinal study with pre-training and post-training assessment sessions. Par-
ticipants underwent a supervised, though self-managed, 4-week protocol sup-
ported by centesimal prismatic lenses. Assessment included neuropsychological
testing and computerized neurocognitive tasks tapping on attention regulation
and orienting skills, as well as cognitive control. The analysis of data highlight-
ed, at the end of the training: (i) a substantive maintenance of the mood profile
with, at the same time, a significant reduction in reported mental fatigue; (ii) an
improvement of attention focus, with a significant decrease of test execution
times, reduction in response times and omissions at computerized Stroop,
Flanker, and Cueing tasks. Present findings suggest that the intensive empow-
erment protocol based on centesimal prismatic lenses may stimulate attention
regulation mechanisms, endogenous orienting of attention, and efficient control
of mental resources in young adults presenting learning disorders. This hints at
their potential as supportive tools for empowerment interventions in atypical
development trajectories.

Keywords: Prismatic lenses, Attention regulation, Neurocognitive empower-
ment, Learning disorders, Cognitive control.
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1 Introduction

A large network of interdependent cortico-subcortical structures regulated by complex
feedback mechanisms and involving, in particular, the superior colliculi and sensory
nuclei of the trigeminal nerve together with the basal ganglia, cerebellum and tem-
poral, prefrontal and posterior parietal cortices, plays a role in regulating the associa-
tion between vision, proprioception, sensorimotor integration and orientation of atten-
tion [see 1]. In light of the link between vision, sensorimotor integration and attention
orientation, it is believed that an alteration of the flow of incoming visual information
might lead to the appearance of motor and cognitive compensation syndromes, which
- in addition to generating states of discomfort, physical distress and alterations in
quality of vision - could affect the efficiency of higher cognitive skills such as reading
and attention regulation. Building on those remarks, prismatic lenses with different
power and orientation — able to modulate the information flow reaching retinal recep-
tors — were initially used to support the treatment of altered postural patterns [2], with
applications also to dysfunctions concerning environmental vision [3,4] and, subse-
quently, sensory integration deficit [5] and unilateral spatial neglect [6]. If the scien-
tific literature on the effects of this bottom-up sensory approach in the clinical and
rehabilitation field is limited, though coherent, its potential for application in the field
of empowerment is still not systematically explored.

In a preliminary study on healthy people [7] we have tested feasibility and effects
of an innovative neuroempowerment protocol based on SiXDEVICE™ centesimal
prismatic lenses via a pre-post randomized and controlled study (active control: tradi-
tional visual training protocol). On the basis of findings from such study, we have
then designed this pilot clinical study aimed at exploring the short-term effects of the
neuroempowerment protocol based on SiXDEVICE device in a sample of young
adults with Specific Learning Disorders (SLD). Specifically, the study explored the
possible impact of the protocol on cognitive performance, proprioceptive-motor skills
and subjective well-being.

2 Materials and Methods

The overall sample included 15 young-adult volunteers diagnosed with Specific
Learning Disorders (Age: M = 21.08 SD = 3.28 - Education: M = 14.58 SD = 1.44).
The research was designed as a longitudinal study with pre- and post-training as-
sessment steps. The assessment protocol included: psychometric testing of mood and
well-being factors via the Profile of Mood States questionnaire - POMS [8]; neuro-
psychological testing of focused attention skills via the standardized Multiple Fea-
tures Target Cancellation Test — MFTC [9]; fine grained neurocognitive testing of
cognitive control, attention regulation, and attention orienting skills via computerized
versions of the Stroop, Flanker, and Cueing task. As for training, participants under-
went a supervised, though self-managed, 4-week protocol based on the repeated use
of SiIXDEVICE™ centesimal prismatic lenses (Family Vision Center — VTE srl, Sesto
San Giovanni, Milan). The protocol included daily activity sessions to be planned in
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conjunction with everyday activities, such as studying, training or working at the
computer (three 1-hour sessions a day, interspersed with periods of pause).

3 Results

T-tests for dependent samples were specifically used to examine pre-/post-training
differences in performance indicators and RT measurements within the pilot clinical
sample (o = 0.05). Also, quali-quantitative analyses was used to better catch a glimpse
of training effects, based on pre-/post-training percentage changes of dependent
measurements for performance and psychometric scores.

Analysis of mood state scores at the POMS highlighted a significant reduction of
perceived mental fatigue (p = .049; pre/post-training difference = -17%), and general
stability of other scale scores. Execution time of the MFTC test also showed a signifi-
cant reduction at the end of the training (p = .005; pre/post-training difference = -
24%). As for the Stroop Task, analyses highlighted a significant reduction of response
times (p = .001; pre/post-training difference = -6%) and omissions (p = .033; pre/post-
training difference = -65%). As for the Flanker task, analyses highlighted a significant
reduction in response times (p = .028; pre/post-training difference = -5%) and omis-
sions (p = .031; pre/post-training difference = -39%). Finally, at the Cueing task, the
sample only showed a reduction in response times (pre/post-training difference = -
4%) that did not reach the significance threshold.

4 Discussion

The current study aimed at investigating the effects of an intensive empowerment
protocol based on centesimal prismatic lenses on attention-related processes in atypi-
cal development. Data analyses highlighted, at the end of the training: (i) a substan-
tive maintenance of the mood profile with, at the same time, a significant reduction in
reported mental fatigue; (ii) an improvement of attention focus, with a significant
decrease of test execution times, reduction in response times and omissions at com-
puterized Stroop, Flanker, and Cueing tasks.

Even taking into account the absence of signs of psychological distress of clinical
relevance within the sample, the substantive general maintenance of the mood profile
paired with the reduction in reported mental fatigue suggests the potential positive
effect of the training in terms of individual wellbeing. As for cognitive testing, sup-
plementing traditional neuropsychological tests with digitized neurocognitive tasks
has made it possible to obtain a clearer and more complete picture of the effects in-
duced by the neuroempowerment protocol on cognitive efficiency and attention regu-
lation. Specifically, the consistency of observed training-related modulations of the
performance at standardized neuropsychological tests and computerized neurocogni-
tive tasks highlight a systematic scenario of improved attention regulation and cogni-
tive control skills at the end of the training, together with improved inhibition of
interfering spatial information and greater efficiency of endogenous focus and atten-
tion orientation mechanisms. Such effect might be traced back to implicit sensorimo-
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tor and cognitive adaptation mechanisms that, as suggested by Striemer and col-
leagues [10], influence the way in which covert attention is oriented and re-oriented
across the visual scene and that are thought to systematically affect even higher spa-
tial and cognitive processes [11].

5 Conclusions

To the best of our knowledge, present findings first suggest that the intensive empow-
erment protocol based on centesimal prismatic lenses may stimulate attention regula-
tion mechanisms, endogenous orienting of attention, and efficient control of mental
resources in young adults presenting learning disorders. While current findings would
benefit from further investigation with larger clinical cohorts, they also hints at the
potential of the device and the sensory empowerment protocol as supportive tools for
complementing interventions in atypical development trajectories.
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