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Abstract

An important prerequisite for successful usageonhjguter systems and other interactive technology is
a basic understanding of the symbols and interagt@iterns used in them. This aspect of the broader
construct !computer literacy" is used as indicatothe computer literacy scale, which proved to be an
economical, reliable and valid instrument for tesessment of computer literacy in older adults.

1 Introduction

Even though there is no generally agreed upon itiefinof computer literacy (Turner et al.,
2000; Mason & MacMorrow, 2006), there is widespreadeptance of the fact that it has
great impact on the ability to interact with congrst #Just as one needs to have reading
literacy to benefit from the information made ashble by the printing press, one must have
computer literacy to benefit from the informatiomae available by the personal computer.#
(Poynton, 2004, p.862). Especially older adultemfiack the necessary knowledge and mo-
tivation to use computer technology, even thoughy thould benefit greatly from it. In-
versely, it could be considered a characteristia téchnical device to require more or less
computer literacy to use it effectively. Today, Isutevices are not limited to desktop or
laptop computers, since computer technology issEsingly incorporated into other common
goods, such as car navigation systems, smart phphe® cameras or even refrigerators.

Even though there are a variety of computer litgi@ad related measures available (Beckers
& Schmidt, 2003; Bozionelos, 2001; Garland & Noy2804; Potosky & Bobko, 1998;
Schumacher & Morahan-Martin, 2001; Smith et alQ@0Smith et al., 2007; Turner et al.,
2000; Wagener, 2003; Winter et al., 1997; Milleradt 1997; Pyrczak, 1990; Potosky,
2007), none of them is short, objective and ageifipdor older adults, which led to the
development of the CLS. This lack of instruments &kso been found by Arning and Ziefle
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(2008) for the assessment of computer expertisas They created a computer expertise
questionnaire (CE), which was used for validatibthe CLS.

The CLS focuses on a small but essential aspesiraputer literacy and uses it as indicator:
If literacy can be considered the ability to regchbols and use them, then computer literacy
could be considered the ability to understand asel aomputer related symbols, functional
elements and interaction patterns.

2 The computer literacy scale (CLS)

The computer literacy scale (CLS) is an objectimevdedge test assessing the basic under-
standing of symbols and terms commonly used irutiex interface of interactive computer
technology. It has been designed specifically fdeoadults with little computer knowledge
and is based on the idea, that knowing common sigrdoad terms is as necessary to use
computers, as it is to read (and write) books. Suchputer literacy requires exposure to and
experience with computers, but requires also actrestruction of knowledge, which is why
experience should not be the same as literacy.l®&oth high computer literacy should be
able to interact well with computers and shouldogeize the !alphabet” of the computer
user interface.

The CLS consists of 2 parts. Part A assesses exyperiwith computers and contains 14
items, divided into the duration in years (1 itethg intensity in hours per week (1 item) and
diversity as an estimate of the frequency of elediéfierent computer related tasks, five of
which are specifically addressing Internet use.

Part B contains 26 items and assesses the conijiaetacy as knowledge of symbols (21
items +3 distractors) and terms (5 items +1 distrdaelated to computers and other elec-
tronic equipment. Items are presented in a matctais with numbered descriptions. Figure
1 gives an example with seven items and one distrtathe complete CLS can be filled out
online or downloaded in its current version fromwaomputer-literacy.net.

d D 2 » o U

(1) fast-forward (2)save (3)attachment (4) delete

(5) play / start  (6) gject  (7) switch on / off

Figure 1: Example for items in the matching taskhef CLS

Symbols, terms and descriptions were collectedciwettked by experts for comprehensibil-
ity. Translations from the German original into Hsiy and Chinese were done or checked
for accuracy by native speakers.
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The completion time ranged from 10-20 min, largédypending on the computer knowledge
and ambition of the participant. Since the CLS was dedigmbe a power test, there was no
time limit given. The instructions ask to answértla¢ questions and to guess when in doubt.

The scores are calculated as follows: Part A. For experience with computers, durdtion a
intensity are metric values. Diversity is calcutht®s the sum of frequencies of the single
tasks with never=0, seldom=1, sometimes=2 and s8geleading to a maximum score of
12x3=36. This solution has two caveats: Firstsitlebatable, that the ordinal data of the
scale is not equidistant and hence cannot be wsettiflition. The arguments that weigh the
pros and cons and support the notion of cautiowebting ordinal data like metric data can-
not be discussed here but some can be found invital{d970) and Rohrmann (1978). Sec-
ond, summing the score implies that the tasks gually important, which is not assumed to
be the case. Rather, complex tasks such as progngnsimould be more indicative of high
computer literacy than simpler tasks such as wootgssing and emailing. However, the
sum score for diversity could still be useful tong@ement the analysis of the individual
tasks. Since many studies use only subjective meaaf computer experience as control
variables, they will be used for comparison todbgctive knowledge test in Part B.

Part B. For the knowledge of symbols and termsstiwee is calculated as the sum of correct
answers, leading to a maximum score of 21+5=26s ®bjective score will henceforth be
called the CLS-score. The assumption that it ptediser#s performance with interactive
technology better than the subjective computer epee assessed in part A will be tested.

3 Scale development

3.1 Method

3.1.1 Procedure

Collecting items The items for part A (experience with computeas} largely based on
existing questionnaires such as the INCOBI (Richtaal., 2001) and were selected to assess
the scope of main applications for computers. Respalternatives for diversity of com-
puter tasks were presented in a four point Likeales containing never, seldom, sometimes
and often as possible answers. The answer !lunknovas' added for respondents who do
not know the terms used for the computer tasks.

The items for part B (computer literacy) were seddcas prototypical symbols (45) and
terms (15) from computers and other widespreadrelgic devices like copy machines and
CD-players. It was our goal to find an abstractespntation of common symbols rather than
a high fidelity copy from an existing device, s@ titlems would be largely independent of
specific products, operating systems and applioatio

The symbols were ordered in 6 categories (devinegeneral, desktop, browser, cursor
shapes, keyboard, widgets) and built right intoghestionnaire using MS-Word (2007). The
terms were selected from dictionaries (e.g. wwvgdanscheidt.de) and encyclopedias (e.qg.
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Gookin & Gookin, 1998; www.wikipedia.org) and ameddwith our own wording. Re-
sponse alternatives were presented in a matchsgig wehich is well suited for knowledge
tests and requires little paper space. One distractor per category was added to fudker redu
guessing chance (Lienert & Raatz, 1998; Bortz &iBgir2006). The items were checked for
accuracy, comprehensibility and relevance by experts anerteeging preliminary CLS

was tested with ten non-experts who were askedrfiical feedback.

3.1.2 Participants

The resulting first version of the CLS containedi@ns (45 symbols +15 terms) and was
tested with an incidental sample p£120 adults aged 21-75 yeamsiddian=35 years,
M=40.53 years, SD=15.69). 68% were younger thanegalsyand shall henceforth be called
the lyoung group”, while the others form the !oldogp". Gender was evenly distributed
(54% female, 46% male). Most of the participantedusomputers for text editing (82%),
surfing the web and email (78%), and the least uséxt programming (9%). Of the 14%
who had never used a computer, 94% were in thgroldp (=116).

3.2 Results

The quality of the computer literacy scale (parwils assessed through the indices of inter-
nal consistency (Cronbach#s alpha), discrimingimmer and item difficulty. Internal con-
sistency wasa=0.96, indicating a high homogeneity, while disdriation power ranged
from r=0.22 to r=0.84. Item difficulty was low fdine young group, but reasonably broad for
the old group, ranging fror®=0.13 to 0.87. Accordingly, a Kolmogorov-Smirnovstee-
vealed, that the CLS scores of part B were norntdibyributed for the old group (D(39) =
0.10; p > .10) but not for the young group (D(810.%£2; p < .01).

3.2.1 Item selection

The item selection based on item difficulty andcdmsination power yielded a revised ver-
sion of the CLS that met our goal of economicaéasmsent: the 60 items were reduced to 30
and symbol categories were merged from 6 into § sdtile terms were reduced to one set
of items. The revised version was supposed to lleswited for older adults and people with
little computer literacy. It is described in detaih page 6 and was used in further studies
with one exception in part A: The diversity scorasacalculated slightly different from the
current version of the CLS, as it contained surngmailing as computer tasks but no fur-
ther Internet tasks, resulting in a maximum scdi@8=24 points.

3.2.2 Relationship of computer literacy and computer expgence

To gain some insight on the relationship betweenmder literacy and the duration, inten-
sity and diversity of computer experience, a migtiporrelation was conducted. However,
since predictors and criteria were not normallytritisted, its prerequisites were violated
(Field, 2005) and the data could merely provide esamdication, that diversity (r=.59; p<.01;
b=.63) and intensity (r=.22; p<.05=.17) of computer use were positively correlatethwi
computer literacy (N=114; &.541), while the duration was not (r=.05; p>.05;04). The
last result seems quite plausible, since a 15 glghcannot have 20 years of computer ex-
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perience, even if she has more computer literaag th50 year old. Yet the assumption that
the duration is a weak measure and tells us little about the actual competencpen§ding
while diversity seems to be quite a good predicfocomputer literacy, better still than in-
tensity, needed to be addressed in further studies.

4 Scale validation

Scale validation is described in two parts. Infiret, the relationship between the CLS-score
and performance using a simple interactive commystem (a ticket vending machine) was
investigated (criterion validity). In the second, the relationbkigveen the CLS and a meas-
ure of computer expertise was measured (convexgdidity, Lienert & Raatz, 1998).

4.1 Method

CLS and Test performancé&o investigate the relationship between the Ct&e and per-
formance using a simple interactive computer systersimulated ticket vending machine
(TVM) of the BVG (Berlin Public Transportation) waslilt in Squeak/Smalltalk (see Black
et al (2007) for an introduction) and presentechdt®" touch screen monitor. The symbols
and terms used in the GUI of the simulation wereused as items in the CLS. Figure 2
shows a screenshot of the simulation.

Wabhlen Sie den gewiinschten Fahrschein B'VG
Vo5
..

[ Kurzstrecke ]

Berlin

‘A E rEinzelfexhrschein s (Tageskarte J

Berlin

c (" Einzelfahrschein J rT.age_skar'te "

Berlin

m E (" Einzelfahrschein g (" Tageskarte >

(Andere Fahrscheine... "

Figure 2: Screenshot of the simulated TVM

4.1.1 Procedure

In seven tasks, participants had to select tidigtpurchase using this simulation. Effective-
ness was measured as selecting the correct tiekeling to a maximum score of 100%=7
task points. Before and after using the simulatarticipants filled out the CLS and other
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questionnaires and were interviewed by the invagtig who was present for the whole
duration of 60-90 min. See Sengpiel et al (2008pfdetailed description.

41.2 Participants

A total of n=17 older adults (M=67.2 years, SD=2.6, 8 femalepadle) ancdh=17 younger
adults (M=25.4 years, SD=2.1, 10 female, 7 male)igpated. Both age groups were rela-
tively highly educated (21 College (Fach-/HochselhuB Highschool (Abitur)) and most
used the TVM once a month or less (28). Peopléénybunger group were mostly students
(9) or working (7), while the older group consistadinly of pensioners (16).

4.2 Results

First, descriptive statistics of CLS scores for thve age groups are provided, then the rela-
tion between CLS-Scores and TVM performance is rilesd. Finally follows a brief item
analysis.

4.2.1 CLS Scores

Regarding computer literacy, older adults reacihdl4.4 points (SD=7.06, Min=3,
Max=25) on the computer literacy scale, while yem@dults reached1=23.9 points
(SD=2.28, Min=19, Max=26). This difference is sijgant t(19.29) = -5.33, p < .001, and
represents a strong effect r= .77. The CLS scoeze wormally distributed in the older sam-
ple (D(17)=0.168, n.s.), but not in the younger gleniD(17)=0.267, p<.01).

Regarding the ratings of computer experience, oédledts reported a duration M=6.94
years (SE=1.83, Min=0, Max=20) of using computerd an intensity oM=2.88 hours per
week (SE=0.92, Min=0, Max= 14) of using comput&fsunger adults reported to have used
computers forM=10.47 years (SE=0.79, Min=3, Max=17), which wag significantly
longer than the older group, and to sp&i26.85 (SE=3.27, Min=6, Max=50) hours per
week using computers. This difference to the offteup was significant (t(18.49) = -7.06,
p<.01, r=0,85) and represents a strong effect (Field, 2005).

For diversity of computer use, the older group eddvi=4.14 points (SE=1.29, Min=0,
Max=15) while the younger group scork14.69 points (SE=0.94, Min=7, Max=21). The
difference to the older group was significant wite8) = -6.70, p<.01, r=,78) and repre-
sents a strong effect.

4.2.2 CLS and task-performance

Older adults differed from young adults in taskeefiveness: On average, young participants
(M= 0.86, SE=0.04) were able to select the cortieket more often than old participants
(M=0.70, SE=0.05). This difference is significat(3)=-2.43, p<.05). Figure 3 shows the
age differences in participants# effectivenesspoben literacy and computer experience.
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Figure 3: Age differences in TVM effectiveness,mdar literacy and computer experience (durationensity,
diversity)

Correlational analysis was conducted to investitfaerelationship between CLS-Scores and
TVM performance, separately for both age groupsthka older group, performance and
computer literacy were highly correlated< 0.52, p < 0.01), as were performance and di-
versity ( =0.45, p<0.05). Performance and duratiorr@.32, n.s.) and intensity €0.30,
n.s.) were not significantly correlated. Computiéerhcy and computer experience were
highly correlated as well: duration £0.47, p<0.05), intensity £0.51, p<0.05), diversity (
=0.53, p<0.05).

In order to assess the unique contribution of cderpliteracy and computer experience on
TVM-performance, a partial correlation analysis veasiducted. The best predictor of per-
formance was computer literacy %®.37), followed by diversity of computer experienc
(R’=0.25). When computer experience (diversity, yeans hours per week) was controlled
for, computer literacy still explained much of theriance in TVM-performance {R0.17),
while computer experience (diversity) explainedyowéry little variance (R=0.02), when
computer literacy was controlled for. In the youngeoup, neither computer literacy nor
computer experience (diversity) were significargdictors of TVM-performance. The only
significant correlation was between performance dunation ( =0.42, p<0.05).

It can be concluded, that, for the older group, jpoter literacy measured as knowledge of
symbols and terms was a valuable predictor of T\fgrmance, more so than the more
common subjective self report scales of computpeggnce.

4.2.3 Item analysis

The quality of the computer literacy scale was sss@ through the indices of internal con-
sistency (Cronbach#s alpha), discrimination powdritem difficulty.

Internal consistency of the scale was highr.04) and the items# discrimination power
ranged from r=0.28 to r=0.89, while item difficukyas low for the young group (M=0.92,

SD=0.12), but reasonably broad for the old gradpg@.55, SD=0.19) ranging frofa=0.06

to 0.94 (see Figure 4). Accordingly, a Kolmogorawifiov-Test revealed, that the CLS
scores of part B were normally distributed for the group (D(17) = 0.17; p >.10) but not

for the young group (D(17) = 0.27; p < .01).












