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Abstract 

Every person is affected by a decreasing accommodation width. On average, people 

will not notice this until their fourth to fifth decade of life. If the accommodation 

width drops below three dioptres, this is called presbyopia. As a result of this 

decrease, people need a treatment for good vision in the near field. Therapeutic 

approaches like laser surgery or intraocular lenses are invasive and therefore may 

involve complications. Common reversible and non-invasive alternatives are glasses 

and contact lenses. Within this paper, the human-centred development of a contact 

lens that automatically adapts the refractive power of the lens to the distance of a 

faced object is presented. This innovative approach will compensate the loss of 

accommodation width and is going to integrate sensors, actuators and energy supply 

within the lens. A mixed-methods research design has been applied to identify user 

requirements as well as requirements by physiological aging. Deliverables from the 

evaluation of three focus groups, six in-depth interviews and a follow up survey 

indicate that experts acknowledge such a system as highly desirable. However, some 

hurdles are expected, e.g. pricing models, acceptance of older people and the 

competences to adapt such a system to a patient’s eye. 

Introduction 

The ability to change the refractive power of the human eye to see objects in 

different distances clear is called accommodation (Baumeister & Kohnen, 2008). A 

specific value for assessing the ability of the eye to accommodate is the width of 

accommodation. This represents the ability to focus objects in near distances. A 

relaxed eye focuses objects in infinity. By a contraction of the ciliarian muscle, the 

lens deforms and the refractive power changes. However the eye’s ability to change 

the refractive power decreases as people get older (Duane, 1912). Young infants 

have a width of accommodation of about 20 dioptres. As people get older, the width 

of accommodation shows an asymptotic expansion to the axis of abscissae and 

levels off at approximately one dioptre. People having an accommodation width 

below three dioptres are ranked as presbyopics. On average, people pass this mark 

during their fourth decade of life. Having an accommodation width below three 

doptres implies that one may not be able to see objects clear within near distances 

(Nagel, 2012). An accommodation width of three dioptres for an emmoetropia’s eye 



54 Bernhagen, Roßner, & Bullinger 

equals the distance to focus on an object to at least 33 centimetres. Therefore daily 

activities, e.g. reading the newspaper, finding the expiry date or recognizing the time 

on a wristwatch are influenced. This can be reduced by deploying treatment 

alternatives, for example glasses, contact lenses or operative procedures. Common 

standards for non-invasive treatments are regular and varifocal glasses as well as 

monovision and multifocal contact lenses. Invasive methods for the recovery of the 

accommodation width are intraocular lenses, laser surgery and intracorneal implants. 

Innovative and emerging treatment opportunities use miniaturised electronic 

components within existing technologies. For example Nagel (2012) presents a 

concept for active intraocular lenses which automatically adapt the refractive power. 

However, the necessary invasive surgery causes a risk for side effects and is not 

easily repeatable. On the contrary, active contact lenses are non-invasive and 

consequently one can easily exchange defect lenses or stop using them, if side 

effects occur.  

The suggested automatically accommodating contact lens as a part of active contact 

lenses measures the distance to the focalised object by detecting pupil 

characteristics. Therefore miniature sensor components are needed. Furthermore 

actuators to change the refractive power of the lens, an internal communication 

infrastructure as well as an energy source need to be implemented into the contact 

lens. Besides technical aspects, potential end-users and their requirements have to be 

considered, because they will use and interact with the product. In order to achieve a 

holistic view of the development of such a product, this paper illustrates how the 

human-centred development process has been used (DIN EN ISO 9241 part 210, 

2010). The aim of this approach is to integrate end-users and their knowledge in the 

development process. Therefore analysis of the context of use, user requirements, 

system design and system evaluation were performed. This paper focuses on the last 

three stages.  

Methodology 

Due to the complex and innovative character of the subject a mixed-methods 

research approach was utilised (Creswell, 2009). In first place qualitative data of 

contact lens experts were gathered with the help of three focus groups and six in-

depth interviews to conduct participatory development of ideas (Möslein et al., 

2010). These methods were chosen because of the less explored and documented 

subject active contact lenses (Gläser & Laudel, 2010). Based on the results an online 

survey was created which should assess the previously derived assumptions of user 

requirements and user acceptance. The method focus group has been chosen because 

it is a group discussion and enables the researcher to gather detailed data and 

perform a flexible discussion without focussing on a determined structure. One 

major advantage is the direct interaction with the participants. Thereby the 

moderator is able to guide the participant through the planed phases and may ask 

follow-up questions or clarify responses (Langford, McDonagh, 2003). Each 

stakeholder that has not been able to participate in the focus groups was given the 

opportunity to take part via a guided interview. This research method is highly 

suitable for the exploration and deepening of new research fields as well as the 

recognition of relevant questions and problems by discussions with the interview 
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partner. Guided interviews should follow a structured guideline to ensure 

comparability of the gathered data (Mayer, 2008). Based on the focus groups and 

interview results an online survey was conducted. Thereby participants complete a 

questionnaire online via internet or send a filled questionnaire via E-Mail to the 

inquiry leader (Jackob et al., 2009). Advantages of online surveys are low collection 

costs, anonymity of participants, variable ways of depiction and the large scatter 

range. On the other hand disadvantages of online surveys exist like attendance 

requirements, sampling problems, social desirability, ambiguous question 

formulation or answer categories and the lack of control over the participation 

situation (Pötschke & Simonson, 2001). 

In preparation of the focus groups and the online survey, characteristics of contact 

lenses were identified by the help of a literature review. In order to use them within 

the online survey these were supplemented by additional characteristics quoted by 

the participants of the focus groups. Table 1 provides an overview of the findings of 

the literature review. 

Table 1. Characteristics of contact lenses 

 Characteristic feature Reference 

Limited daily wearing duration (Schnell & Khaireddin, 2013) 

Soft lenses may stick together (Schnell & Khaireddin, 2013) 

Getting out of place on the eye (Schelle, 2000) 

Allergy to contact lens materials or cleaning 

agents 
(Blümle et al., 2013) 

Necessary cleaning effort (Janiak, 2001) 

Due to the reduced oxygen supply contact 

lenses have an overall limited wearing 

duration 

(Koniszewski, 1982) 

Feeling of a foreign substance on the eye (Hartmann & Goertz, 2013) 

Try eyes due to contact lens wearing (Blümle et al., 2013) 

Disruptive sediment deposits on the lens (Janiak, 2001) 

Based on qualitative research results of the focus groups and in-depth interviews a 

questionnaire has been developed. The motivation for this was to assess the 

characteristics stated by experts and found in literature as well as to analyse whether 

differences between users of contact lenses and participants who do not use them 

can be carried out. In addition design alternatives of contact lens systems need to be 

evaluated by the end-users. Thus the questionnaire was separated in four parts. 

Within the first, participants had to mark whether they use glasses, contact lenses or 

other vision aids. Additionally they were ought to rate their usage characteristics and 

the frequency they go to ophthalmologists. The second part dealt with ratings of 

most typical characteristics of vision aids. Here, participants were ought to rate their 

opinion on five point Likert scales. The penultimate part of the questionnaire 

contained the evaluation of the three design alternatives. For this, the Usability 

Experience Questionnaire (Laugwitz et al., 2008) was utilised as a standardised 

measurement method. By the help of this questionnaire one can achieve information 

regarding hedonic and pragmatic quality dimensions using the scales attractiveness, 
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perspicuity, efficiency, dependability, stimulation and novelty. Stimulation and 

novelty refer to the hedonic quality and perspicuity, efficiency as well as 

dependability to the pragmatic quality (Rauschenberger et al., 2012). The scale 

attractiveness is a valence dimension which shows a positive or negative attitude 

towards a certain product. However the dimensions perspicuity, efficiency and 

dependability could not be utilised because of the early development stage of the 

concept.  

Results 

In-depth interviews and focus groups  

All in all the analysis of three focus groups provided 291 text extracts which were 

linked to 3 main categories and 11 sub categories. In total, 14 people (9 females and 

5 males) contributed. All of them were experienced opticians with daily customer 

contact. In addition to this, 201 text extracts for 5 main categories and 20 sub 

categories were found in in-depth interviews. Here, three managers of contact lens 

manufacturers, one ophthalmologist and two managers of contact lens institutes 

were interviewed. In the following section a consolidation of the results regarding 

active contact lenses and customer perspective will be given. 

In regard to active contact lenses hurdles and risks are in contrast to several odds. 

First all the participants stated that this new technology might revolutionise the 

contact lens market, if the framework conditions were considered. Mayor 

advantages are an improved visual field in comparison to current multifocal lenses 

due to the repeal of optical zones. In contrast to varifocal glasses the active contact 

lens is less obtrusive and the limited viewing angle due to the boarder of the glass is 

not existent. Most importantly for physiological considerations is the intended 

material of the lens. The material has to ensure that enough oxygen reaches the 

cornea, has to fit to different lachrymal liquid compositions and should not have any 

incompatibility of the electronical components. Especially participants of the in-

depth interviews demand that the active contact lenses have to be fitted individually 

to the customer’s eye. Otherwise a long wearing period is hardly to be achieved 

because of a higher risk for pathological changes in the eye. Regarding the 

integrated components participants stated that one should be aware of the energy 

supply. Here the system has to work as long as possible without recharging it. A 

final risk is the price of the lenses. Due to the early development state no assessment 

of the price is possible. Participants of the focus groups and in-depth interviews say 

that the price has to be attractive. Therefore, alternative pricing models like a 

monthly or yearly rate may reduce the perceived costs. Regarding the handling of 

active contact lenses no differences should be expected, because the handling itself 

will not differ in comparison to regular contact lenses. One advantage is the reduced 

time to get used to the lens because the new contact lens automatically adapts the 

corrective power. Thus the user does not need move his head and eyes in order to 

use optical zones on a contact lens or glass. 

Next, the results of the discussion about customer perspective of the use of contact 

lenses are of interest. Participants stated that people who are used to contact lenses 

have no problem using them on a regular basis. Even elderly people are able to put 
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the lenses in and out as well as clean them. A group that drops-out using contact 

lenses for the correction of presbyopia consists of people who always wear lenses 

which corrected myopia. When they have to decide whether they want to wear new 

contact lenses for the reduction of the bites of presbyopia they do not accept new 

disadvantages, for example light wells or a reduced contrast. Therefore they 

continue to wear contact lenses for myopia and additionally wear glasses for near 

distances. Furthermore, participants stated that usually young people in the age 

between 16 and 30 years are interested in contact lenses. They typically want a 

vision aid which does not influence their natural appearance. Pathological effects 

inhibiting wearing glasses are rare reasons. It was also said that because of the trend 

towards a more active lifestyle and extraordinary hobbies many people need contact 

lenses for their free time activities. Experts stated that elderly people who already 

wear contact lenses are more willing to wear contact lenses for the correction of 

presbyopia. Only on rare occasions people want to try contact lenses for the 

treatment of presbyopia if never wore contact lenses before. Independent of the 

correction type people want to regain their natural eye sight. This means that they 

want a high refractive power, no optical zones as well as a comfortable and low 

obtrusive vision aid. People who do not want any device for vision treatment mostly 

use laser surgery. Finally the distribution of contact lenses in Germany may cause 

problems because customers are able to avoid the consultation of an expert. By 

buying contact lenses on the internet or drug stores one cannot speak to a contact 

lens expert. Thus important information about characteristics of contact lenses, 

necessary cleaning instructions or signals of pathological changes within the eye 

may not be addressed. As a result, experts state that the distribution of mass 

produced contact lenses on the internet and unauthorised shops should be avoided in 

order to secure a good consultation and to have the opportunity to examine the 

patient’s eye to prevent pathological changes. 

Online survey 

The online survey has been conducted from May 15
th

 to May 31
th

. In total 174 

people participated of which 43 percent (75) were females and 57 percent (99) 

males. The mean age was 25.80 years (MD= 24; SD= 7.13; range: 19 – 75). 

Furthermore participants were asked about existing vision impairments and their 

possession of vision aids. Results are shown in table 2. 

Table 2. Typology of the participants 

 
Type of vision 

impairment 
Possession of vision aids 

  Glasses Contact lens 

Myopia 53.70% 51.28% 34.84% 

Hyperopia 6.17% 8.39% 2.58% 

Presbyopia 3.71% 5.77% 0.65% 

Emmetropia 36.42% - - 
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Approximately 60 percent of the participants state that they have vision impairment. 

In particular myopia is a common impairment which affects more than half of the 

sample. These are persons who are not able to see objects clearly in near distances. 

In contrast 6.17 percent of the participants have problems seeing objects in far 

distances. A smaller part stated that they suffer from presbyopia which is an age 

related impairment. Within investigations of samples of elderly people this value 

may be higher. Additionally approximately one third of the sample states that they 

have no vision impairments (emmetropics). Figures for the possession of vision aids 

include participants who use these on a regular as well as an irregular basis. 

Undoubtedly most of the sample utilise glasses whereas the correction of myopia is 

of major interest. The recorded values match with published values from the Institut 

für Demoskopie Allensbach (2014). They figured out that 63.5 percent of the 

German population is wearing glasses.  

Furthermore a contact lens penetration of approximately 35 percent has been stated 

by the participants. This value strongly diverges from the values published within 

literature. Allensbach (2011, 2014) for example collected data for Germany 

(penetration: 2011 – 5.3%, 2014- 5.2%) and the eastern part of Germany 

(penetration: 2011 – 3.6%, 2014- 2.8%). A reason for the variation of the contact 

lens penetration may be due to the non-representative sample. The inquired 

participants were relatively young and had a high education in comparison to the 

average German population. Results from a study conducted by Nagl and Braun 

(2012) seem to emphasize an age affect, because the recorded a penetration of 

contact lenses of people between the age 16 and 25 of 31.6 percent. Within the age 

26 to 50 the penetration decreases to 18.4 percent.  

As discussed in section 3 the online survey included three design alternatives for 

contact lenses. People had to assess the lenses depicted in figure 1.  

 

Contact lens 1 

(normal) 

 

Contact lens 2 

(obtrusive)  

 

Contact lens 3 

(unobtrusive) 

 

Figure 1. Design alternatives for automatically accommodating contact lenses 
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In order to set a baseline a standard contact lens has been chosen as one alternative. 

It is a standard lens which is well known and rarely visible. Within an expert 

workshop, several design alternatives were discussed and narrowed to two. These 

two designs base on technological considerations. Contact lens two represents an 

obtrusive version which may be realizable within early product development stages. 

Here the colour is not adaptable to the eye’s colour. Contact lens three is mostly 

unobtrusive because of especially covered electronical components. This is due to 

the colouring of the electronical components as well as the utilization of semi-

transparent materials. However experts state that the central board which contains 

most of the sensors and actuators cannot be adapted to the eye colour. The results of 

the assessment of the three design alternatives are shown in figure 2.  

 

 

Figure 2. Assessment of design alternatives 

In the User Experience Questionnaire, a limit value defining the boarder to reliable 

tendencies is given. This value is 0.8 and depicted by a red line. First participants 

judged the attractiveness different. The obtrusive contact lens is assessed neutrally 

with a non-reliable negative tendency (M = -0.679). In contrast contact lens one (M 

= 1.263) and three (M = 0.912) are attractive to the participants with reliable 

tendencies. The overall rating of contact lens stimulation is positive. Although the 

high attractiveness for the classical lens (M = 0.497) participants assess the 

stimulation as neutral with a trend towards positive. Contact lens two (M = 0.784) 

and three (0.988) transcend the limit value and are assessed as stimulating. Novelty 

of lens one (M = -0.115) has a neutral ranking with a negative tendency. However 

participants assess active lenses as novel and innovative. Especially the obtrusive 

lens (M = 1.373) received a strong positive rating followed by the rating 0.943 for 

contact lens three. Over all scales the unobtrusive contact lens receives reliable 

positive ratings by the participants. For assessing the results the Cronbach’s alpha 

values for each contact lens were calculated. First the correlations of the items for 

the regular contact lens resulted in α = .78. Furthermore Cronbach’s alpha value for 

contact lens two is α = .85 and for contact lens three α = .82. Consequently one can 

-2
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2

Attractiveness Stimulation Novelty

Contact lens 1 Contact lens 2 Contact lens 3
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say that reliable scales were used. Especially due to the low number of items asked 

these values proof the validity of the questionnaire (Field, 2009). 

In addition to design considerations the opinion of participants on characteristics of 

vision aids were obtained. Therefore questions about characteristics determined by 

qualitative data analysis as well as literature review were asked. In order to figure 

out differences due to possession of vision aids the sample was divided in three 

groups. People who never owned a vision aid, people using glasses and participants 

who are experienced in wearing glasses and contact lenses were chosen as an 

independent variable. A further intended group are people using only contact lens. In 

the sample only one participant fulfilled these criteria. Therefore this group was 

excluded from consideration. Diagram 3 presents the results inclusive markers for 

significant differences. In order to obtain statistical evidence an ANOVA was 

executed.  

Six questions show significant differences within the groups. Of special interest are 

differences between contact lens users and participants who do not wear them. Here 

the assessments regarding care effort, feeling of foreign substances and inserting as 

well as removing the lens are rated significantly different. Each negative 

characteristic is assessed less worse by participants who have experience in using 

contact lenses. This implies that they do not assess these things as a problem and 

these factors may be biased opinions for other groups. Also this tendency can be 

found for the item concerning the containment of planning of daily activities due to 

contact lenses. However the difference here is less distinct. Furthermore one may 

see significant differences for the first and fourth item. These items refer to negative 

characteristics of glasses. Similar to the assessment of contact lens characteristics, 

people who have possession of glasses rate the items as less negative. Even though 

they agree on these two negative characteristics they rate it better than the other 

groups. 

In general participants mostly agree to the statements that a good vision for close 

and far distance would improve their lives as well as it is important to have an 

unlimited field of view. Furthermore they agree to the statements that a vision aid 

should not influence the personal appearance and that limitations in hobbies due to 

the visions aids are not acceptable.  
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Figure 3. Comparison of user assessment with distinction between vision aid possession (1- I 

don‘t agree; 5 – I absolutely agree, * p < 0.05) 

Summary and discussion 

In conclusion the conducted research provides a basis for the technical development 

of an automatically accommodating contact lens, assessed by potential end-users. 

Especially the fact that about one third of the survey participants already is 

experienced in wearing contact lenses underlines that they are a meaningful 

alternative for the treatment of vision impairments. Considering the expert statement 

that almost all of the users of contact lenses for the treatment of presbyopia are 

people who are experienced wearing contact lenses, the today’s young people should 

be responsive to the novel lenses. Referring to the assessment of design alternatives, 

1 2 3 4 5

In my opinion contact lenses are to

expensive.

In my opinion contact lenses care products

are to expensive.

Inserting and removing is difficult.

Contact lenses cause a feeling of a foreign

substance on the eye.

The care effort for cleaning contact lenses is

to high.

I don't attain the inteded visual function

with contact lenses.

The limited wearing duration is cutting the

planning for each day.

In my opinion it is important to have an

unlimited field of view.

Restrictions in certain hobbies due to the

vision aid aren't acceptable for me.

Vision aids shouldn't influence my

appearance.

A good vision for close and far distances

would improve my awareness of life.

No vision aid Glasses, contact lens Glasses

* 

* 

* 

* 

* 

* 
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participants rate the innovative lenses as novel and stimulating. However the design 

should be developed with caution because obtrusive solutions are assessed as less 

attractive. The aim should be to develop an unobtrusive contact lens which is rated 

as attractive with only a slight difference to regular contact lenses.  

Participants also indicated that the current contact lenses are not too expensive. 

Therefore they may be an alternative for automatically accommodating lenses. Here 

novel pricing models should be considered in order to lower the subjective perceived 

costs of the innovative contact lenses and convince end-users that the value added is 

worth the additional costs. Financial subventions by health insurances may support 

the distribution as well. Furthermore all advantageous characteristics of 

automatically accommodating contact lenses were positively rated by the 

participants. This shows that people demand a vision aid which should not constrict 

their free time activities does not limit the field of view and does not influence the 

appearance. All these factors can only be fulfilled by contact lenses or invasive 

surgeries. In addition people experienced in wearing contact lenses rated most of the 

negative characteristics of contact lenses as significant less meaningful as people 

who are unexperienced. This indicates that prejudices against contact lenses are 

present and need to be reduced. A reason for the deviations may be memories of 

older people who used contact lenses decades ago. At that time the lenses were 

larger and had a lower wearing comfort. One further requirement stated by experts is 

a regulated distribution of automatically accommodating contact lenses. This 

ensures on the one hand that experts can advise their patients in contact lens care, 

advantages and disadvantages and possible eye disease due to wearing contact 

lenses. One the other hand experts can fit the lenses to each individual’s eye. This 

results in a better compatibility of contact lenses. 

To summarise the results of the mixed methods research approach, rich insights into 

user requirements, system design as well as organisational matters were carried out. 

Furthermore the results emphasize a high potential for the technology of 

automatically accommodating contact lenses. In following steps, the evaluation of 

early prototype designs as well the assessment of accommodation characteristics by 

the help of virtual simulation has to be conducted.  
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