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Abstract
Background and Objectives: Technology has the potential to provide assistance and enrichment to older people; however, 
the desired outcomes are dependent on users’ acceptance and usage. The senior technology acceptance model (STAM) 
was developed as a multidimensional measure assessing older people’s acceptance of general technology. It contained 11 
constructs measured by 38 items and had shown satisfactory psychometric properties. However, the length of the question-
naire increased respondent burden and limited its utilization. The study aimed to develop a brief, reliable, and valid version 
of scale to measure older people’s technology acceptance by shortening the full, 38-item STAM questionnaire.
Research Design and Methods: The research method included (1) a sequential item-reduction strategy maximizing internal 
consistency, (2) convergent and discriminant validity analysis based on confirmative factor analysis, and (3) an expert 
review of resultant items. Data previously collected for developing the original STAM questionnaire were used to create 
the brief version. The data were collected from 1,012 community-dwelling individuals aged 55 and older in Hong Kong. 
Internal consistency and construct validity of the shortened questionnaire were examined. Two experts were invited for 
reviewing content validity.
Results: The final 14-item, brief version of the STAM questionnaire consisted of a 4-factor structure, representing clas-
sical technology acceptance constructs and age-related health characteristics. Theoretical relationships in the brief version 
showed similar patterns to the original STAM. The 14-item STAM demonstrated robustness in psychometrics by preserving 
the reliability and validity of the original STAM questionnaire.
Discussion and Implications: The availability of a reliable and valid assessment tool of the short STAM can help researchers 
and practitioners to measure older adults’ acceptance of technology and its effective usage. The short STAM could save 
administration time, reduce the burden on respondents, and be included in large-scale surveys.
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Gerontechnology has the potential to support older people 
in living longer and healthier lives as fully engaged members 
of society (Pruchno, 2019). For instance, smart home and 
health monitoring technology enable older individuals to 

live safely and independently at home, facilitating aging in 
place as well as active and healthy aging (Kim, Gollamudi, 
& Steinhubl, 2017; Vaziri et al., 2019). For example, so-
cially assistive robotics and communication technology can 

Translational Significance: A novel 14-item questionnaire can be used to accurately assess older adults’ pro-
pensity to try new technology.
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reduce depression and social loneliness for older people 
living alone (Pu, Jones, Todorovic, & Moyle, 2018).

The potential utility for technology to provide assistance 
and enrichment to older people is large, but digital inequality 
has been observed with older people less likely to use tech-
nology than younger people (Mitchell, Chebli, Ruggiero, 
& Muramatsu, 2019). The realization of desired outcomes 
from gerontechnology depends on its acceptance and con-
tinued usage by end-users. Due to the proliferation and diffu-
sion of gerontechnology, a substantial effort has been made 
to understand the factors predicting technology acceptance 
and usage among older people (Berkowsky, Sharit, & Czaja, 
2018; Pu et al., 2018). However, the current understanding 
of the measurements necessary for examining technology ac-
ceptance by older people is still limited. A measure of the in-
itial level of acceptance of technology can be used to inform 
product/system improvement, as well as to predict future 
adoption. The purpose of the current study was to develop a 
technology acceptance measure specific to older people that 
is accessible, easy to administer, and less time-consuming for 
developers and researchers.

Technology acceptance is the attitudinal perception and 
behavioral intention to use technology, and it is one of the 
most important predictors of adoption and usage of tech-
nology. Several competing models have been used widely 
to predict technology acceptance. The most dominating 
one is the technology acceptance model (TAM), introduced 
by Davis, Bagozzi, and Warshaw (1989), and derived from 
the theory of reasoned action (Fishbein & Ajzen, 1975) and 
the theory of planned behavior (Taylor & Todd, 1995). The 
TAM presumed the mediating role of two attitudinal beliefs, 
perceived usefulness (PU) and perceived ease of use (PEOU), 
on attitude and intention to use technology. Subsequently, the 
TAM has been extended by integrating with other theories 
such as the social cognitive theory (Bandura, 2001) and the 
motivational model (Vallerand, 1997). Venkatesh, Morris, 
Davis, and Davis (2003) synthesized these models into the 
unified theory of acceptance and use of technology, which 
has become another widely used model. The unified theory of 
acceptance and use of technology identifies four key factors: 
performance expectation, effort expectation, social influ-
ence, and facilitating conditions. These factors serve as direct 
predictors of intention to use and actual usage of technology.

Using the TAM and the unified theory as basic models, 
Chen and Chan (2014) developed the first theoretical model to 
predict older people’s acceptance of everyday technology [i.e., 
the senior technology acceptance model (STAM)]. The STAM 
extends previous TAMs and theories by integrating age-related 
health and ability characteristics of older people. The STAM 
can explain 68% of the variance in gerontechnology usage. 
The original STAM questionnaire was developed as a multi-
dimensional measure assessing older people’s acceptance of 
general technology. The STAM consisted of 11 factors meas-
ured by 38 items and has shown satisfactory psychometric 
properties (Chen & Chan, 2014; Özsungur & Hazer, 2018). 
This model suggested that gerontechnology self-efficacy, 
gerontechnology anxiety, health and ability characteristics, 

and facilitating conditions are better and stronger predictors 
of gerontechnology usage, compared with conventional atti-
tudinal factors such as PU and PEOU. The conceptual struc-
ture of STAM was confirmed by another qualitative study 
conducted by the same authors (Chen & Chan, 2013).

The STAM has been used in an increasing number 
of studies examining older people’s acceptance of var-
ious types of gerontechnology and/or product usability 
evaluation, including smartphones (Petrovčič, Peek, & 
Dolničar, 2019), near-field communication light systems 
(Lim et  al., 2015), social media (Parida, Mostaghel, & 
Oghazi, 2016), communication technologies (Özsungur 
& Hazer, 2018), telehealth technology (van Houwelingen, 
Ettema, Antonietti, & Kort, 2018), smart wearable health 
monitoring devices (Li, Ma, Chan, & Man, 2019), and 
technology-enabled financial services (Investor and 
Financial Education Council, 2019). However, we find 
that these studies did not directly adopt the STAM 
measure; instead, they modified the STAM questionnaire 
by deleting constructs (Lim et  al., 2015; Parida et  al., 
2016), reducing items (Li et al., 2019; Ma, Chan, & Chen, 
2016), or both (Petrovčič et al., 2019). This may be due 
to a lack of parsimony in the STAM and the length of the 
original measure. These empirical studies also imply that 
the STAM has the potential to be simplified by combining 
or eliminating some items.

We have found that among healthy older adults, 
filling out the STAM questionnaire takes approximately 
15  min. However, for older adults with lower edu-
cational levels or those who were unable to fill in the 
questionnaire by themselves, administering the STAM 
via interview may take more than 30  min. Systematic 
review studies have reported that the length of the ques-
tionnaire significantly influences response rate: short 
questionnaires were associated with higher response 
rates (Edwards et  al., 2002; Rolstad, Adler, & Rydén, 
2011). Developing a brief version of the STAM question-
naire is important because a brief scale takes less time 
to complete, tends to have less missing data, minimizes 
the burden on older respondents, has fewer refusal rates 
and higher data quality, and is easier to administer in 
large self-report research (Beaton, Wright, & Katz, 2005; 
Hagtvet & Sipos, 2016).

With increasing interest in measuring senior people’s 
technology acceptance, calls have been made for scales 
with theoretical foundations that are concise, focused, and 
psychometrically sound. A shortened version of the STAM 
questionnaire would be a valuable tool for researchers 
measuring gerontechnology acceptance or to rapidly eval-
uate the usability of a product. The purpose of the study 
was to develop and validate a brief version of the senior 
technology acceptance questionnaire using a robust item-
reduction method. We aimed to create a brief measure by 
eliminating approximately half of the items in the original 
STAM questionnaire while respecting its theoretical model. 
The psychometric properties of short STAM and concep-
tual relationships were evaluated.
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Materials and Methods

Data and Sample

The data set previously collected to develop the original 
STAM was used for creating a brief version scale and 
examining item performance. Using the data collected pre-
viously during validation of the original questionnaire made 
the full version and brief version more comparable in terms 
of psychometric properties and conceptual relationships 
because it avoids sampling bias. Also, it aided in selecting 
items for retention in the brief version without presuming 
their properties for the future short version.

The original STAM was empirically tested using a 
cross-sectional questionnaire survey with a sample of 1,012 
seniors aged 55 and older in Hong Kong. Participants 
were recruited from 17 community centers for older 
people during the period 2012–2013. The mean age of the 
participants was 67.47  years (SD  =  7.96), while 74.7% 
were female, 51.4% said they were married, 72.7% were 
living with household members, 35.5% had primary educa-
tion, and 81.1% were of middle economic status (81.1%). 
The detailed demographics of the participants can be found 
in the study of Chen and Chan (2014).

Materials

The STAM was developed in 2014, both theoretically and 
empirically, and it provided the theoretic framework for the 
current study. The STAM had 38 items in total and consisted 
of 11 conceptual subscales: attitude toward using, defined 
as an individual’s positive or negative feelings or appraisals 
about using gerontechnology; PU, defined as the degree to 
which a person believes that using the particular technology 
would improve his/her quality of life; PEOU, defined as the 
extent to which a person believes that using technology 
is free of effort; gerontechnology self-efficacy, defined 
as a sense of being able to use gerontechnology success-
fully; gerontechnology anxiety, defined as an individual’s 
apprehension when he or she is faced with the possibility 
of using gerontechnology; facilitating conditions, de-
fined as conditions associated with the perception of ob-
jective factors in the environment that support usage of 
gerontechnology; self-reported health conditions, defined 
as the general health conditions and the ability to hear, see, 
and move around; cognitive ability, defined as capabilities 
related to memory, learning, concentration, and thinking; 
social relationships, defined as satisfaction with personal 
relationships and support from friends and family, as well 
as participation in social activities; attitude to aging and life 
satisfaction, defined as the attitude of individuals toward 
their own aging and overall life satisfaction; and physical 
function, defined as the level at which the person independ-
ently performs instrumental activities in daily living.

The STAM scales were adapted from prior technology 
acceptance research, and those scales have been confirmed 
to be reliable and valid in several replications in both 

Western and Chinese populations. The STAM measure 
was created in English, translated into Chinese, and then 
back-translated to English. The process was completed by 
a PhD student and a research assistant and reviewed by an 
academic professor to reach consensus. The questionnaire 
was pilot tested among a group of local older adults by the 
first author to fine-tune the wording and response choices. 
The questionnaire was administered in Chinese—the lan-
guage used predominantly by local residents. Seven-point 
response scales were used in many previous technology ac-
ceptance studies. However, the STAM used a 10-point scale, 
because it was identified as the preferred format by older 
people and the Chinese population (Castle & Engberg, 
2004; Wee et al., 2008). Reasons for the preference of the 
10-point scale included more response variability, ease of 
comprehension, and reduction of response bias.

The psychometric properties of the original STAM 
measure have been proven to be satisfactory, with good 
construct reliability, good convergent validity, and sat-
isfactory measurement model fit (Chen & Chan, 2014; 
Petrovčič et al., 2019).

A Sequential Item-Reduction Strategy

Shortening the original STAM questionnaire consisted of 
reducing the number of items while trying to preserve the 
psychometric properties. Although there has been lacking 
rigorous methodology for shortening the length of multidi-
mensional measurement scales, studies proposed a series of 
principles and/or recommendations to improve the quality 
of scale reduction (Goetz et  al., 2013; Smith, McCarthy, 
& Anderson, 2000; Stanton, Sinar, Balzer, & Smith, 2002). 
Those recommendations highlighted the importance of 
ensuring sufficiently psychometrical properties of the orig-
inal, full-length scale in terms of reliability and validity; re-
specting the conceptual model when reducing the number 
of dimensions; performing appropriate analysis to en-
sure the shortening preprocess did not alter measurement 
properties; preserving content coverage; and validating the 
short version in an independent sample.

Following the questionnaire-shortening principles 
suggested by Goetz and colleagues (2013) and Rauben-
heimer (2004), we adopted a sequential item-reduction 
strategy that starts with internal consistency analysis 
followed by confirmative factor analysis, producing a 
shortened scale while preserving the conceptual coverage 
and established relations of the original version. This se-
quential strategy was used because the original STAM has 
already been formed and validated through a process of 
scale development.

The sequential item-reduction strategy consisted of four 
steps (Sexton, King-Kallimanis, Morgan, & McGee, 2014). 
In Step 1, the original STAM was tested using confirmative 
factor analysis. Step 2 involved removing items whose ab-
sence would lead to an increase in reliability. Step 3 was 
to combine subscales for reducing the number of factors 
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in the conceptual model and to test those models with dif-
ferent combinations of subscales. Finally, in Step 4, models 
were revised step by step through discarding less relevant 
subdimensions or poor loadings items using confirmative 
factor analysis to maximize the construct validity. The 
model revision was done sequentially, seeking to ensure ad-
equate overall conceptual coverage and coherence as well 
as to meet the psychometric standards.

SPSS 25.0 was used to generate Cronbach’s alpha and 
corrected item-total correlations. Confirmatory factor anal-
ysis with maximum likelihood extraction was performed 
using AMOS 25.0 software to test the measurement model 
fit. The model fit indices included chi-square (χ 2), root 
mean square error of approximation (RMSEA), compar-
ative fit index (CFI), non-normed fit index (NNFI), and 
standardized root mean residual (SRMR), which contain 
both incremental index and absolute index (Hair, 2010; 
Hooper, Coughlan, & Mullen, 2008). The more closely 
the CFI and NNFI values approach 1, the better the de-
gree of fit the model has; therefore, a CFI and NNFI value 
greater than 0.90 is needed (Hair, 2010; Hooper et  al., 
2008). An RMSEA value lower than 0.06 and an SRMR 
less than 0.08 are needed for adequate model fit (Hu & 
Bentler, 1999). The chi-square value was used for model 
comparison—the smaller and more insignificant the value, 
the better the model fit (Cheng et al., 2019; Hair, 2010).

Step 1: Test the original STAM
Many studies suggested that internal consistency and theo-
retic coherency of the scale should be demonstrated before 
item reduction (Dekker et  al., 2011; Goetz et  al., 2013). 
Hence, the existing STAM was examined using confirm-
ative factor analysis to provide a baseline measurement 
model for subsequent comparison with any revised models. 
Reliability analysis was also performed to assess internal 
consistency. The original STAM contains 11 factors/
subscales measured by 38 items.

Step 2: Remove items to maximize internal consistency
Raubenheimer (2004) proposed a sequential item selection 
strategy in multidimensional Likert-type measures, which 
starts off with internal consistency analyses to maximize 
internal consistency followed by convergent and discrim-
inant validity analysis. This strategy was most applicable 
when subscales have already been formed through the 
scale development process. The approach of maximizing 
Cronbach’s alpha first has been used previously for instru-
ment shortening (Erhart et al., 2010; Garnefski & Kraaij, 
2006; Raubenheimer, 2004; Sexton et al., 2014).

To maximize internal consistency, Cronbach’s alpha co-
efficient and corrected item-total correlation were used as 
criteria for item reduction in Step 2. The 11 constructs in 
the original STAM were left intact, while the number of 
items in each factor was reduced to 2. Items with the highest 
“alpha if item deleted” were discarded, one by one, based 
on the result of reliability analysis. The reliability analysis 

was then repeated by removing the least reliable item until 
there were only two items in the subscale. In this step, the 
original 38-item STAM would be reduced to 22 items.

The current study used a statistical approach for scale 
reduction by firstly including two items per factor through 
reliability analysis. Given that there are 11 factors identified 
by the original STAM, the decision to include two items per 
factor was made to ensure a structurally balanced meas-
urement tool that preserves the original conceptual struc-
ture (Garnefski & Kraaij, 2006). Although some research 
suggested that there should be at least three items under 
each factor to be properly identified, we adopted a more 
parsimonious approach, with two items in each factor. The 
“two-indicator rule” specifies that a model with only two 
congeneric indicators per factor is sufficiently identified 
given that each factor has a significant relationship (Bollen 
& Davis, 2009; Hair, 2010). This method has been adopted 
by previous studies (Boot et al., 2013; Garnefski & Kraaij, 
2006; Linton, Nicholas, & MacDonald, 2011).

Step 3: Combine subdimensions
The original STAM has 11 constructs categorizing into two 
dimensions: one was the classical TAM constructs and the 
other was health and capability characteristics. To elimi-
nate a sufficient number of items, we simplified the con-
ceptual model through a combination of highly correlated 
constructs while ensuring optimal conceptual coverage.

Step 4: Remove subdimensions and items
Through previous steps, the length of the scale had been 
reduced from 38 to 22 items, but this had not succeeded in 
shortening the questionnaire sufficiently (removing half the 
items). Therefore, the construct would be removed if previ-
ously shown to be not directly and significantly predicting 
technology use by older people. Removing the insignificant 
construct was sought to preserve the predictive power of 
the model. Besides, items with the least or insignificant item 
loadings in any factors were removed using confirmative 
factor analysis, to maximize both convergent and discrimi-
nant validity (as indicated by high loadings on own factors 
and low loadings on other factors) (Raubenheimer, 2004).

Psychometric properties of the short STAM
The internal consistency and construct validity were used 
to evaluate the psychometric properties of the newly 
shortened scale. The reliability could be achieved if the 
Cronbach’s alpha and/or composite reliability value was 
greater than 0.70 (Hair, 2010).

Construct validity was initially assessed by comparing 
correlations between constructs. Convergent validity, 
which reflects the correspondence between similar 
constructs, was assessed by factor loading estimates and 
average variance extracted (AVE). The rule of thumb 
for construct validity was that the standardized factor 
loading should be at least 0.50 (ideally, 0.70) or higher 
(Bagozzi & Yi, 1988; Hair, 2010). An AVE of 0.50 or 
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higher indicated a good convergence (Fornell & Larcker, 
1981; Hair, 2010).

Structural equation modeling with the AMOS software 
was performed to examine the relationships among rele-
vant theoretical constructs and their predictive power to-
ward actual usage. The final dependent variable, that is, 
actual usage, was measured in terms of the self-reported 
degree of use and domains of use over the 12  months 
preceding the interview (Chen & Chan, 2014). A  higher 
score indicated that the respondent was more likely to use 
gerontechnology.

Expert Review

Both full and brief versions of the STAM measure were sent 
to two experts (one academic staff working on technology 
acceptance and one engineer in gerontechnology) for their 
comments on content validity, the importance of each item 
for retention, and clarity of the wording.

Results

Step 1: Test the Original STAM

The corrected item-total correlation of the original 
38 items and Cronbach’s alpha of each subscale were 
assessed (Supplementary Table S1). Except for constructs 
of gerontechnology self-efficacy, attitude to aging, and 
life satisfaction, the Cronbach’s alpha of all other nine 

constructs was above 0.70. The measurement model of the 
original STAM (Model 1.1, Table 1) was within the accept-
able range (RMSEA < 0.06, CFI > 0.90, NNFI > 0.90, and 
SRMR < 0.08). However, the chi-square value did not in-
dicate a good fit (χ2 = 2305.4, df = 603, p < .001), which 
could be due to the large sample size (>1,000) (Bagozzi & 
Yi, 1988; Hair, 2010).

Step 2: Remove Items to Maximize Internal 
Reliability

In Step 2, we removed 16 items from six constructs, leaving 
each subscale with two items. Reliability analyses were 
performed on the original 38-item and the 22-item STAM for 
comparison. The Cronbach’s alpha increased in the subscales 
of facilitating conditions, health, social relationships, and 
physical health. The corrected item-total correlations were 
all greater than 0.40, indicating that each of the items 
contributed to the scale. The removal of those items with the 
lowest item-total correlations was associated with improved 
measurement model fit (Model 2.1, Table 1). All the model 
fit indices were within the boundaries of a good fit, and the 
chi-square value of Model 2.2 reduced greatly compared 
with the original STAM (Model 1.1, Table 1).

Step 3: Combine Subdimensions

In Model 2.1, it was found that the correlations between 
several constructs were higher than 0.50 (Supplementary 

Table 1. Model Fit Statistics at Each Step of Model Revision

Model Description Chi-square df RMSEA CFI NNFI SRMR

 Step 1: test established model
1.1 11 factors, 38 items 2,305.4 603 0.054 0.940 0.930 0.075

Step 2: remove items
2.1 11 factors, 22 items 485.6 154 0.046 0.978 0.968 0.028

Step 3: combine subdimensions
ATT + PU       

3.1 10 factors, 22 items 472.8 162 0.044 0.980 0.971 0.029
ATT + PU, PEOU + SE       

3.2 9 factors, 22 items 554.1 170 0.047 0.975 0.966 0.033
ATT + PU, PEOU + SE + FC       

3.3 8 factors, 22 items 591.4 177 0.048 0.973 0.965 0.035
ATT + PU, PEOU + SE + FC, A + S + C + H       

3.4 5 factors, 22 items 708.4 192 0.052 0.966 0.960 0.044
Step 4: remove subdimensions/items       
Model 3.4 with dimension P removed       

3.5 4 factors, 20 items 599.9 157 0.057 0.968 0.961 0.043
Model 3.5 with item H2, A1, C5,  
PEOU1, ATT1, SE2 removed sequentially

      

3.6 4 factors, 14 items 263.0 68 0.053 0.977 0.969 0.038

Note: df = degree of freedom; RMSEA = root mean square error of approximation; CFI = comparative fit index; NNFI = non-normed fit index; SRMR = standard-
ized root mean residual; ATT = attitude toward using; PU = perceived usefulness; FC = facilitating conditions; SE = gerontechnology self-efficacy; PEOU = perceived 
ease of use; A = attitude towards aging; S = social relationships; C = cognitive ability; P = physical function; H = self-reported health conditions.
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Table S2). Therefore, highly correlated constructs were 
combined so that the conceptual model could be simplified, 
and redundant items could be further removed. The com-
bination of attitude toward using and PU resulted in a 
model with good fit (Model 3.1, Table 1) and a smaller chi-
square value (χ2 = 472.8, df = 162, p < .001). Furthermore, 
the constructs of PEOU, self-efficacy, and then facilitating 
conditions were combined (Model 3.2 and Model 3.3, 
Table  1), which increased chi-square values, although 
other fit indices were within the acceptable range. With 
further combinations of health-relevant constructs (atti-
tude toward aging, social relationships, cognitive ability, 
and general health conditions), Model 3.4 contained five 
factors with 22 items (χ2 = 708.4, df = 192, p < .001).

Step 4: Remove Subdimensions and Items

As the conceptual model was simplified from 11 to five 
factors, it was possible to remove additional items or 
subscales to improve model fit. The construct of phys-
ical function was removed due to its weak association 
with usage. The removal of the items measuring phys-
ical function resulted in four factors with 20 items and 
a better degree of model fit (Model 3.5). Items with the 
lowest factor loadings were removed further; six items 
(H2, A1, C5, PEOU1, ATT1, and SE2) were removed se-
quentially (Supplementary Table S1). The final model 
(Model 3.6, Table  1) displayed excellent fit to the data 
(χ2 = 263.0, df = 68, p < .01, RMSEA = 0.053, CFI = 0.977, 
NNFI = 0.969, SRMR = 0.038).

Retained items with standardized parameter estimates 
in the final model are shown in Figure 1. The standardized 
factor loadings ranged from 0.57 to 0.93, and all values 
exceeded 0.50 and were significant. The correlations be-
tween constructs ranged from −0.18 to 0.79.

Psychometric Properties of the Short STAM

The final model contained 14 items and four constructs: 
attitudinal beliefs, control beliefs, gerontechnology anx-
iety, and health characteristics. Except for gerontechnology 
anxiety, which was left intact from the original STAM, the 
other three constructs were modified from the original ver-
sion. The revised attitudinal beliefs construct contained 
two items from the previous PU and one item from the at-
titude toward using. Control beliefs were the combination 

of PEOU, self-efficacy, and two items from the original 
facilitating conditions. The health characteristics subscale 
now contained one item asking about the general health 
condition, one item measuring cognitive ability, two items 
assessing satisfaction on social relationships, and one item 
on satisfaction with the quality of life.

The psychometrics of the brief version was examined 
using confirmative factor analysis and presented in Table 2. 
Cronbach’s alpha and composite reliability for all subscales 
were above 0.80 in the brief version, indicating that the in-
ternal consistency was excellent. Additionally, the factor 
loadings of the 14-item STAM ranged from 0.57 to 0.93 
(shown in Figure 1). The construct validity of the brief ver-
sion of the STAM questionnaire was proven to be satisfactory, 
except that AVE for Health was 0.455, which failed to meet 
the suggested cutoff value of 0.50. Because AVE is a relatively 
strict and conservative measure, as suggested by Fornell and 
Larcker (1981), the convergent validity is adequate as long 
as composite reliability is higher than 0.60. Some researchers 
also suggested that AVE greater than 0.40 is acceptable 
(Huang, Wang, Wu, & Wang, 2013). Therefore, we consider 
that the construct validity of the short STAM was established.

Structural equation modeling was used for testing the 
model fit. As shown in Figure 2, the conceptual relationships 
in the brief version of the STAM questionnaire were also 
preserved. Control beliefs (path coefficient  =  0.550, p < 
.001) and health characteristics (path coefficient = 0.187, 
p < .001) had stronger impacts on actual usage compared 
with attitudinal beliefs (path coefficient = 0.074, p < .05) 
and gerontechnology anxiety (path coefficient  =  −0.050, 
p < .05). The control and attitudinal beliefs also par-
tially mediated the effects of gerontechnology anxiety and 
health on actual technology usage. The brief version of 
STAM displayed similar patterns of association between 
constructs compared with the original version. The short 
STAM would explain 81.5% variance of actual usage of 
gerontechnology.

Expert Review

The feedback from two experts supported the face validity 
and conceptual coverage of the brief version. Suggestions 
to improve the retained items included rewording (i.e., 
changing “life” to “daily activities”), adding statements 
to clarify whether the items should be answered in rela-
tion to specific or general technologies, and specifying the 

Table 2. Cronbach’s Alpha, Composite Reliability, and Average Variance Extracted of Short STAM

Short STAM subscales No. of items Cronbach’s α Composite reliability Average variance extracted

Attitudinal beliefs 3 0.915 0.921 0.795
Control beliefs 4 0.846 0.820 0.534
Gerontechnology anxiety 2 0.847 0.850 0.793
Health 5 0.817 0.805 0.455

Note: STAM = senior technology acceptance model.
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target older adults. The brief STAM measure is given in 
Supplementary Table S3.

Discussion and Implications
Given the considerable interest in the development of tech-
nology for older adults and limited measures on assessing 
older people’s technology acceptance, this present study 
was conducted to develop and evaluate a shortened 
measure of gerontechnology acceptance. We created a brief 
version of the STAM measure with 14 items, using a se-
quential four-step item-reduction strategy. The brief version 
of the STAM questionnaire is psychometrically satisfactory 
with an improved model fit compared with the original 
version. Results of confirmative factor analysis provided 
strong support for the internal consistency and construct 
validity of the 14-item STAM. The original STAM contains 
11 constructs and 38 items. The brief STAM simplified the 
original conceptual model and shortened the length of the 

questionnaire by 60%, resulting in four constructs and 14 
items. This proportion of item reduction is in line with pre-
vious studies reported by a meta-analysis with a median 
proportion of 57% (Goetz et al., 2013).

The four constructs identified by the current study 
are consistent with those reported by previous studies 
examining predictors of technology acceptance by older 
people (Berkowsky et  al., 2018; Cimperman, Makovec 
Brenčič, & Trkman, 2016; Vaziri et  al., 2019). The 
proposed constructs of attitudinal beliefs, control beliefs, 
and anxiety are largely in line with that of traditional TAMs 
(Cimperman et al., 2016; Compeau & Higgins, 1995); and 
health conditions were strong predictors of technology 
acceptance in the population of older adults (Berkowsky 
et al., 2018; Vaziri et al., 2019). At least one item from each 
of the original STAM construct structure has been retained 
in the brief version. The two experts agreed that the items 
showed face validity and were relevant to technology ac-
ceptance by older adults.

Attitudinal 
beliefs

Control beliefs

Gerontechno
logy anxiety

Health

PU3: You would find technology is useful in your life.

PU1: Using technology would enhance your effectiveness in 
life.

ATT2: You like the idea of using technology                 

.93

.93

.81

PEOU2: You could be skillful at using technology.

SE1: You could complete a task using technology if there is 
someone to demonstrate how.

FC3: Your financial status does not limit your activities in using 
technology.

FC4: When you want or need to use technologies, they are 
accessible for you.

.81

.76

.62

.72

ANX1: You feel apprehensive about using the technology

ANX2: You hesitate to use the technology for fear of making 
mistakes you cannot correct.

.86

.86

H1: How are your general health conditions?

C3: How well are you able to concentrate?

S1: How satisfied are you with your personal relationships?

S2: How satisfied are you with the support you get from your 
friends and family?

A2: How satisfied are you with your quality of life?

.57

.75

.67

.69

.68

.79

-.31

-.21

-.18

.65

.47

Figure 1. Standardized parameters in the measurement model (Model 3.6).
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The short STAM measure has several desirable properties 
compared with previous technology acceptance measures. 
First, it is relatively short and easy to administer on paper 
or online so reduces respondent burden. Second, the par-
simonious theoretical model can explain up to 81.5% 
variance in actual usage, which is higher than the original 
STAM and other classical TAMs. Third, it has good con-
ceptual coverage with inclusion of traditional technology 
acceptance-relevant constructs—attitudinal beliefs, control 
beliefs, gerontechnology anxiety, as well as items related 
to the physical, social, and psychological health of older 
adults. We have renamed two constructs (attitudinal beliefs 
and control beliefs) to be consistent with prior research and 
to reflect what we believe is the nature of the construct.

Finally, the current study used a sequential item-reduction 
strategy with consideration of the original theoretical 
model and psychometric properties during item selection. 
The theoretical importance of the factor combination and 
item elimination is indicated by several lines of research 
(Davis & Venkatesh, 1996; Goetz et al., 2013; Smith et al., 
2000). In the current study, we found that attitude toward 
using and PU could be combined into an overall attitudinal 
beliefs construct, which contained two items on cognitively 
instrumental appraisal and one item on affective response. 
It is believed for older adults both cognitive and affec-
tive beliefs are important for technology usage. This com-
bination appears to be parallel with previous theoretical 
foundations and empirical findings. PU and attitude toward 
using are highly correlated as indicated by meta-analysis 
studies (Ma & Liu, 2004; Schepers & Wetzels, 2007; Zhao, 
Ni, & Zhou, 2018). Items measuring these two constructs 
were previously found cross-loaded using factor analysis 
(Puri et al., 2017; Wixom & Todd, 2005). Although some 
theories [such as the theory of reasoned action developed 
by Fishbein and Ajzen (1975)] distinguished these two 
constructs and argued that PU influences usage behavior 
only via their indirect influence on attitude toward using, 
others (like the TAM2 and the unified theory of accept-
ance and use of technology) view PU’s direct effect on be-
havior over and above attitude toward using (Davis, 1989; 

Magsamen-Conrad, Upadhyaya, Joa, & Dowd, 2015). The 
effect of attitudinal beliefs on the usage also supports the 
general motivation theory as an explanation for behavior 
(Vallerand, 1997).

Control beliefs in the 14-item STAM are comprised 
of a combination of PEOU, self-efficacy, and the original 
facilitating conditions from the original STAM. As to the 
nature of the content, the four items of control beliefs ex-
amine the internal abilities (skillfulness and self-efficacy) 
and external controls in the environment (financial re-
sources and accessibility). There are similarities in con-
ceptual definition and measurement items between the 
constructs of controls beliefs (in short STAM) and perceived 
behavioral control identified by other two theories com-
monly used in technology acceptance studies, which are 
the decomposed theory of planned behavior developed by 
Taylor and Todd (1995) and the model of adoption of tech-
nology in household proposed by Brown and Venkatesh 
(2005). Perceived behavioral control in the two theories 
was conceptualized as an individual’s perception of internal 
and external constraints and encompasses ease of use, self-
efficacy, and resource-facilitating conditions, which pro-
vided the conceptual basis for construct combination in the 
current study. The effect of control beliefs on actual usage 
was mediated by attitudinal beliefs which were also con-
sistent with existing studies (Compeau & Higgins, 1995; 
Davis & Wiedenbeck, 2001).

The original STAM extended previous theoretical models 
by integrating aging-related psychosocial and physical char-
acteristics measured by 22 items and encompassing five 
constructs: self-reported health conditions, cognitive abilities, 
social relationships, attitude to aging and life satisfaction, 
and physical functioning. To reduce the model by half and 
achieve parsimony, the short STAM excluded the construct 
of physical function and combined the other four constructs 
into one health construct. Physical function was removed 
based on complementary findings that it is not significantly 
predicting usage behavior more than other dimensions such 
as cognition and social relationships (Chou, Chang, Lee, 
Chou, & Mills, 2013; Petrovčič et al., 2019). The final health 

Gerontechnology 
anxiety 

Health 

Control beliefs 

Attitudinal beliefs 
Actual Usage 

-0.050*
 

0.187***
 

0.550***
 

0.074
*

0.083**
 

0.628***
 

-0.175***
 

0.481***

Figure 2. Standardized path coefficients of structural equation modeling of the short senior technology acceptance model. Significant at *p < .05; 
**p < .01; ***p < .001 (two-tailed).
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construct contains five items with the highest loadings. An 
examination of the five items suggested that they represent 
the underpinning of the constructs (at least one item was kept 
from the four domains of health) and established preliminary 
content validity. The composite reliability of the subscale is 
above 0.60, indicating adequate convergent validity of the 
subscale. This approach of retaining the highest loading items 
is consistent with recommendations in the psychometric liter-
ature; however, this approach might threaten content validity 
by narrowing domain coverage and eliminating facets of the 
constructs (Venkatesh et  al., 2003). AVE of the scale was 
below the Fornell–Larcker criteria of 0.50, demonstrating 
that there is an insufficient variance for the five items to con-
verge into a single construct; there is more error variance than 
the explained variance. Although we could improve the AVE 
by simply removing items with the lowest factor loading, we 
retained all five items with the consideration of underlying 
conceptual coverage. This is based on respecting the concep-
tual model as well as empirical evidence that suggests the sig-
nificant effect of self-reported cognition, physical health, and 
quality of life on actual technology usage among older people 
(Best, Souders, Charness, Mitzner, & Rogers, 2015; Hedman, 
Kottorp, & Nygård, 2018; Holthe, Halvorsrud, Karterud, 
Hoel, & Lund, 2018; Mitzner, Sanford, & Rogers, 2018).

The theoretical relationships among short STAM are 
similar to those described by the authors in the original 
model. Through the “maximized reliability then validity 
strategy,” the theoretical model is largely maintained after 
the removal of several items. The shortened version of 
STAM shows itself to be structurally balanced, reliable, and 
valid in the evaluation of technology acceptance by older 
people. The STAM 14-item version allows for the measure-
ment of technology acceptance in a short amount of time. 
It can be used as a tool for gerontechnology usability eval-
uation or prototype testing to assess older users’ acceptance 
of technology and its effective usage.

There are several limitations to the current study that 
should be noted. Firstly, the brief version of STAM was 
extracted from the full questionnaire for psychometric 
testing only using the original data set. Although the brief 
version applies to the original data set, it must be cross-
validated with complete independent samples of older 
people. An additional set of data is needed to be collected 
and used to validate the psychometrics of the short STAM. 
Specifically, the brief 14-item scale should be administered 
independently without making use of the full version. 
Secondly, alternative measures or questionnaires may be 
useful for establishing discriminate and convergent va-
lidity. Although there are limited measurements available 
to study the external validity of the STAM, the computer 
proficiency questionnaire (Boot et al., 2013) and the tech-
nology experience questionnaire (Czaja et al., 2006) could 
be used. Thirdly, the STAM measure was validated using 
an older Hong Kong population that was cognitively in-
tact. The variance explained by the model was different 
when STAM was used in different cultural settings (Lim 
et al., 2015; Parida et  al., 2016; Petrovčič et  al., 2019). 

This suggests the model may perform differently across 
populations, such that some factors may be important in 
one culture compared to others. New validated data also 
need to be collected and contrasted across other coun-
tries and/or cultural settings to see whether the findings 
are generalizable to the new setting. Also, further study 
may need to explore whether cognitively impaired older 
people are capable of answering the questions. Lastly, 
STAM is based on self-reported measures. Self-reported 
scales are cost-effective as their collection takes less time 
than performance-based measures. However, they are 
prone to reporting bias. Although there is a moderate 
correlation between self-reported and performance-based 
cognitive ability (Freund & Kasten, 2012), evidence also 
shows misreporting of cognitive health increases with 
age (Spitzer & Weber, 2019) and decreases with a prior 
administering of cognitive assessment battery (Freund 
& Kasten, 2012). Other performance-based assessments 
could be used to investigate their relationships with self-
reported measures.

It is important to recognize that, generally speaking, 
overall validity may suffer from a reduction of items, and 
a scale containing a larger number of items might provide 
more information (Linton et al., 2011). However, findings 
from the current study provide strong support for the reli-
ability and validity of the original STAM and the 14-item 
STAM as measures of gerontechnology acceptance. The full 
version of the STAM questionnaire should be administered 
if time allows and/or the response burden for participants 
is not too much. We recommend that the 14-STAM ques-
tionnaire be used in self-report research when there is 
not enough time or when older respondents show impa-
tience. It could also be included in large-scale surveys of 
gerontechnology acceptance or used as a tool to rapidly 
assess product usability.
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