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Abstract

Standardizing the measurement tools that re-
searchers use to assess the effectiveness of inter-
ventions would strengthen our ability to compare
results across studies. In practice, however,
standardization is difficult to implement, in
part, because researchers prefer to use mea-
surement tools that focus specifically on the
components of their interventions. This paper
demonstrates the usefulness of item response
modeling linking methodology in comparing
groups of participants who were administered
different scales intended to measure the same
underlying constructs. The Treatment Self-Reg-
ulationQuestionnaire (TSRQ) as it relates to diet
improvement provided the empirical application
to demonstrate how two different scales that
measure the same construct can be compared.
The results showed that two eight-item TSRQ
scales can be linked if they have at least four items
in common. As expected, varying the number
of linking items did not affect the reliability of
the results; however, it significantly affected the
relative rating with respect to the 15-item scale.

Inhealthbehaviorandhealth education research,
linking methodologies can be used to compare
results across studies that use slightly different
versions of a scale tomeasure the same construct.

Introduction

Standardizing the measurement tools that research-

ers use in the health domain has several benefits,

including increasing our ability to compare results

across studies and integrate results from various

studies into a meta-analysis. Standardizing meas-

urement tools is difficult to implement, however,

because researchers prefer to use tools that focus

on the specific components of their studies or in-

terventions. In practice, it is not uncommon for

researchers to modify already validated scales for

their particular research context. When study par-

ticipants use different scales, however, even if

the scales purportedly measure the same construct,

the raw scores on the different scales will not be

comparable if the scales are not based on the same

metric. Even if the scales use the same response

format and contain the same number of items, the

resulting scores can differ because the scales may

emphasize a different aspect of the construct.

Standardizing methodologies can help to address

some of these issues by ensuring that different

scales use the same metric and thus are compar-

able. Although there are several test-equating ap-

plications in health outcomes research, fewer

applications of these methodologies exist in health

behavior and health education research.

Test equating is the process used to establish

a mathematical relationship between two scales so
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that the scores on these scales are based on the same

metric and thus are comparable [1]. In lay terms,

equating consists of establishing equivalence scores

on two different scales that measure the same

construct. The most stringent form of equating

has five assumptions: (i) the scales measure the

same construct; (ii) the scales have similar mea-

surement errors; (iii) the distribution of scores

remains the same across scales for a participant of

a given level (i.e. equal distribution between the two

scales); (iv) equating from Scale 1 to Scale 2 is

equivalent to equating from Scale 2 to Scale 1 (i.e.

changing the order in which equating is done leads

to the same results) and (v) the equating relationship

is group invariant (i.e. the equating relationship does

not change across groups) [2]. As not all these as-

sumptions are likely to be tenable in health research,

we use a less stringent form of equating (consisting

of relaxing assumptions (i) and (ii)), which is re-

ferred to as ‘linking’ or ‘scaling’ [3]. Linking allows

two instruments that measure the same construct

to use the same metric, even when their precision

and emphasized level of construct differs.

Three designs can be employed to collect data for

linking purposes: (i) a random-group design, in

which Scales 1 and 2 are randomly assigned to

participants; (ii) a single-group design with counter-

balancing, in which Scales 1 and 2 both are assigned

to the participant but the order of administration is

counterbalanced and randomly assigned and (iii)

the common item nonequivalent groups design, in

which a subset of common items (internal or

external to the scale) is administered to both groups

of participants, but each group receives a subset of

items that the other group does not receive [1].

Linking can be achieved under classical test theory

(CTT) or item response modeling (IRM). Selecting

the appropriate procedure (CTT versus IRM proce-

dures) depends on the tenability of the assumptions

associated with the procedure and design employed

to collect the data. The common item nonequivalent

groups design (design (iii)) is the least burdensome

to participants and is the most likely design to be

used in health behavior and health research. When

this design is employed, CTT is not well suited to

handle such data given that the scales are not

randomly assigned to the groups. However, it is

particularly straightforward under IRM to link

scales as the item parameters (when the model

assumptions are verified) are assumed to be in-

variant across groups. Item parameters describe the

discrimination and difficulty or location of the item

on the latent construct. This paper will demonstrate

how IRM can be used to link scores of participants

in groups that have been administered different

scales with a subset of common items. Specifically,

the purpose of this paper is to (i) demonstrate how

linking methodology can be used to link test scores

from two different scales that include a common set

of items and (ii) discuss design considerations

needed to achieve valid test equating, with a specific

focus on understanding the impact of varying the

number of linking items. The Treatment Self-

Regulation Questionnaire (TSRQ), developed by

Ryan and Connell [4] for education and adapted by

Williams et al. [5] for health behavior, is used to

illustrate the usefulness of linking methodologies.

Methods

Participants

Data collected as part of the Behavior Change

Consortium (BCC) were analyzed for this paper

[6]. Two of the 15 BCC sites provided data for the

analyses: the Oregon Health Sciences University

(OHSU) and the University of Rochester (UR).

The OHSU enrolled firefighters in a study aimed

at improving dietary and physical activity behaviors.

The UR study enrolled adult smokers in a tobacco-

dependence treatment and diet intervention study [7].

The study design, recruitment and detailed de-

scription of the intervention for the UR study have

been reported elsewhere [8]. In brief, people who

smoked five or more cigarettes per day, were 18

years of age or older, read and spoke English, had

no history of a psychotic illness (depression and

anxiety were allowed), had a life expectancy of 18

months and planned to live in the greater Rochester,

NY, area for 18 months were recruited through

newspaper ads and signs in physician offices to

participate in a study about ‘smokers’ health’.
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The OHSU study targeted firefighters stationed at

five fire departments in Oregon and Washington to

participate in a study about promoting healthy

lifestyles for firefighters [9]. Firefighters were

recruited through personal contact and informa-

tional video distributed at the fire station. In total,

696 firefighters met inclusion criteria for the study.

Baseline data were collected from firefighters while

on duty prior to randomization for the study.

Baseline data for both sites were analyzed for this

paper. As the firefighters were predominantly male,

only the data from males in both studies were

analyzed so that any effects of gender would not

confound the group results. The OHSU sites had

627 males who completed the TSRQ at baseline;

355 of the UR males had available data. The

demographic characteristics of the participants are

presented in Table I.

Treatment self-regulation questionnaire

Self-determination theory (SDT) details the moti-

vational basis for self-regulation of human behav-

ior and focuses on the concept of autonomy [10].

SDT distinguishes between autonomous, con-

trolled and amotivated reasons for behavior. The

TSRQ asks participants to endorse different re-

asons for behavior and thus records the extent to

which regulatory processes are self-determined.

Autonomous motivation for dietary change indi-

cates that people experience a sense of choice and

a sense of volition about following a specific diet.

Controlled regulation, in contrast, indicates that

people feel pressured or coerced by themselves

(intrapersonal control) or others (interpersonal

control) to follow a specific diet. Amotivated

regulation occurs when people feel that there is

no connection between their efforts to follow

a specific diet and their health outcomes. Internal-

ization is the process through which motivation

becomes more autonomous. An increase in TSRQ

autonomy over time reflects internalization and is

expected to result in sustained healthy dietary

behavior. Autonomous and controlled motivations

for changing diet were assessed using six items

each; amotivation was assessed by three items (see

Table II). Participants responded to each item on

a scale of 1 (strongly disagree) to 7 (strongly

agree). An example of an autonomous motivation

for eating a healthy diet is ‘I feel that I want to take

responsibility for my own health’. An example of

a controlled motivation is ‘I would feel guilty or

ashamed of myself if I did not eat a healthy diet’.

An example of an amotivated reason is ‘I really

don’t think about it’.

Each subscale score is generated by computing

a mean for the items that relate to that subscale.

Reliability was assessed with Cronbach’s alpha.

For the autonomous subscales, Cronbach’s alpha

was 0.91 in the Rochester and OHSU samples, for

controlled motivation it was 0.83 and 0.81 for the

Rochester and the OHSU sample, respectively, and

for amotivation it was 0.55 and 0.57, respectively.

Protocol

Baseline assessments

At UR, all participants completed at baseline, ques-

tionnaires that assessed demographic information,

medical history, smoking history and intention to

Table I. Demographic characteristics of participants by groups

(n = 982)

OHSU

(n = 627)

UR

(n = 355)

Race/ethnicity (%)

White, not Hispanic 90.1 81.1

Black, not Hispanic 2.1 13.0

Hispanic 3.1 2.2

Other 4.7 3.7

Age (mean, SD) 40.1 (8.9) 46.1 (12.0)

Marital status (%)

Married 79.8 45.1

Not married 10.2 26.8

Living with partner 2.9 9.6

Divorced/separated/widowed 7.1 18.6

Education (%)

Less than high school 0.0 7.4

High school diploma 11.6 31.3

Some college 16.5 37.7

College graduate 21.6 23.6

Income (%)

<$40 000 4.0 48.1

$40 000–79 000 55.3 38.6

>$80 000 40.7 13.3

L. C. Mâsse et al.

i112



quit smoking in the next 30 days. Participants also

had their blood pressure measured. In addition,

participants completed the Fagerstrom Addiction

Severity Scale [11] and the TSRQ. At OHSU,

participants completed self-report questionnaires at

the same time as a battery of objective physical

measures (e.g. body mass index, blood pressure,

glucose and lipid profiles) were obtained.

Simulated conditions

Both groups received all 15 TSRQ items. We

simulated conditions in which different groups

receive different sets of items by selecting the items

for which the responses were analyzed as a set and

‘eliminating’ all other item responses for a particular

analysis. For example, we simulated a condition in

which both groups received eight items with only

four items in common to demonstrate how linking

is performed and results are interpreted. The items

that were assigned to OHSU and UR in this

simulation are described in Table II (see the

condition with four linking items, 8_4). To evaluate

the impact of varying the number of linking items

on the accuracy of the results, we simulated five

additional conditions. Overall, the simulation as-

signed eight items per group, with one, two, three,

four, five and eight common items per condition;

referred herein as conditions 8_1, 8_2, 8_3, 8_4,

8_5 and 8_8, respectively. Table II shows which

items were assigned to the two groups under the

various conditions. Finally, to evaluate the impact

of choosing any one particular item as a single

linking item, we simulated seven conditions in

which the single linking item used in condition 8_1

differed (note: Table II shows only one of those

seven conditions). Each participant in a group was

simulated to receive the same set of items as the rest

of the group. The common item design was

simulated in all conditions, meaning that the link-

ing items were included in the scale score. In all

simulated conditions, the items were chosen to

balance as much as possible the content of the items

Table II. Items administered to the reference group (OHSU) and comparison group (UR) by linking conditionsa

Itemsb Reference

group (OHSU)

Comparison group conditionsc (UR)

8_8 8_1 8_2 8_3 8_4 8_5

1. I feel that I want to take responsibility for my own health. X X X X X

2. I would feel guilty or ashamed of myself if I did not

eat a healthy diet.

X

3. I personally believe it is the best thing for my health. X X X X X X X

4. Others would be upset with me if I did not. X X X X

5. I really don’t think about it. X X X X X

6. I have carefully thought about it and believe it is very

important for many aspects of my life.

X X X X X

7. I would feel bad about myself if I did not eat a healthy diet. X X X X X X

8. It is an important choice I really want to make. X X X

9. I feel pressure from others to do so. X X X

10. It is easier to do what I am told than think about it. X X

11. It is consistent with my life goals. X X

12. I want others to approve of me. X X

13. It is very important for being as healthy as possible. X X X X

14. I want others to see I can do it. X X X X X

15. I really don’t know why. X X

aX = items administered, and X (bolded) = items that were administered to both groups.
bItems 2, 4, 7, 9, 12 and 14 measure autonomous motivation. Items 1, 3, 6, 8, 11 and 13 measure controlled motivation. Items 5, 10 and
15 measure amotivation.
cConditions 8_8 = eight items with eight common items, 8_1 = eight items with one common item; 8_2 = eight items with two
common items, 8_3 = eight items with three common items; 8_4 = eight items with four common items and 8_5 = eight items with five
common items.
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included in each form and to represent the areas

addressed by the three subscales.

Analyses

The partial credit model [12] was used for all the

analyses, and all IRM analyses were conducted

using ConQuest software [13]. Linking can be

achieved in two ways with the common items

design. Either a separate or concurrent calibration

can be performed to link items on two different

scales that measure the same construct and have

a subset of common items [14]. A separate

calibration consists of computing the item param-

eters for the two groups separately, even for the

common items. A linear transformation then is used

to link the metrics of the groups by using the

common items as an anchor for the linking.

Alternatively, a concurrent calibration can be

performed by simultaneously estimating the item

parameters of both groups in the same computer

run. Both groups are combined, and the items that

were not administered to a given group are con-

sidered as missing at random; item parameters for

both groups are estimated simultaneously and thus

are based on a comparable metric. Given that a

concurrent calibration is considered more precise

than a separate calibration [1], we used the

concurrent calibration method in this paper.

For the linking application, we compared the

item parameters estimated for the full scale (15

items administered to both groups, condition

15_15) with those estimated for the reduced scale

(conditions 8_1 to 8_8). To compare the impact of

varying the number of items used for linking the

scales on the construct estimate, we compared the

reliability of the construct with the full scale and

compared its impact on the scale estimate for each

individual (e.g. self-regulation estimate). The pro-

portion of aberrant estimates was computed by

comparing individual estimates obtained from the

reduced scale with those obtained from the full

scale. If the estimate based on the six linking

conditions was more than 61 standard error (SE)

away from the estimate obtained from the full scale,

it was considered to be meaningfully different and

an aberrant case. The relative increase in aberrant

cases was calculated to represent the percentage of

aberrant cases resulting from nonequivalent scales.

For example, the relative increase of aberrant cases

for condition 8_4 equaled the difference between

the percent aberrant cases for 8_8 minus the percent

aberrant cases for condition 8_4, thus eliminating

the portion of aberrant cases that resulted from

shortening the scale. The expected a posteriori
reliability for the individual estimate (e.g. person

separation reliability [15]) was computed in logits

(the log of the odds of a particular set of responses)

for each condition, along with the correlation

between the linking conditions and the full-scale

estimate.

A unidimensional Rasch model was fitted to the

data. Unidimensionality is verified when only one

main dimension exists, which does not eliminate

the presence of minor dimensions including sub-

scales [16]. The TSRQ includes a number of

correlated subscales which are assumed to measure

one main dimension of self-determination. To

verify the unidimensional assumption, a principal

components analysis was conducted using SPSS.

Reckase’s [16] criterion was used to confirm

dimensionality: if the first dimension explained

20% of the total variance, the unidimensionality

assumption was assumed to hold. Ultimately,

unidimensionality was verified by evaluating the

fit of the Rasch model by examining the weighted

mean square indices for the item parameters. Item

parameters with weighted mean square indices of

<0.75 or >1.33 and t-statistics of greater than

61.96 indicated a poor fit [17].

Common items used for linking are assumed to

function similarly in the two groups, meaning that

the probability of selecting a given response option

is the same for individuals who have the same scale

score (i.e. the item parameters are stable across

groups). This type of analysis is referred to as

differential item functioning (DIF), and items that

exhibit severe DIF cannot be used for linking [18].

The DIF analyses were conducted in ConQuest

on the 15-item scale. An alpha of 0.05 served to

determine if overall DIF existed. To evaluate which

items exhibited DIF, the ratio of the item parameter

location and SE served to locate the significant

L. C. Mâsse et al.
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differences, a ratio of greater than 61.96 was

deemed significant. Using the Educational Testing

Service standards for effect size (as modified for

Rasch-scaled instruments), ‘negligible’, ‘moderate’

and ‘large’ DIF are defined as a difference in the

item parameter location of <0.426, 0.426–0.638

and >0.638, respectively [19]. Items that exhibit

moderate to large amounts of DIF are considered

inappropriate for linking purposes, but a neglig-

ible amount of DIF has not been found to signifi-

cantly impact linking. In IRM, the items and scores

are on the same metric; therefore, examination of

the item parameter location allows one to assess

where the item is providing most information on

the scale score.

Results

Linking application

The unidimensionality assumption was verified for

condition 8_4, and the linking application was fully

demonstrated for this condition. The principal

component analysis results indicated that the eight

items assigned to OHSU and UR condition 8_4

explained 40.3 and 41.6% of the total variance,

respectively. These results suggested that the eight-

item test was sufficiently unidimensional to proceed

with a unidimensional IRM linking application. As

we compared the item parameters obtained via

linking with the reference condition (in which all

items were taken by both groups), we also verified

the unidimensionality of the 15-item scale. The

principal components analysis results showed that

the first dimension explained 33.0% of the total

variance. Again, this result demonstrated that the

scale was sufficiently unidimensional to proceed

with unidimensional IRM, although it did not

preclude the scale from having minor dimensions.

Examining the IRM fit indices (weighted mean

square indices and t-statistics) provided another

way to assess the unidimensionality of the scale.

For all conditions, Items 5 and 15, both amotivated

items, were misfitting according to their high

weighted mean square indices and significant t
values, which indicated that responses on these

items did not match the patterns of responses on the

other items. These items were retained, however,

as they represented an important option for par-

ticipants in a balanced set of items chosen for the

simulated conditions.

The DIF analysis on the 15-item scale was

significant and indicated that DIF indeed was

present (v2 = 56.073, df = 14, P = 0.000). An

examination of the item parameter location estim-

ate and SE ratio for each item revealed that seven

items had significant DIF (results not shown). The

magnitude of DIF, however, was negligible for all

items (the difference in item parameter locations

ranged from 0.16 to 0.44), which suggested that any

item on the scale could be used to anchor the

linking. To simulate equivalent scales with appro-

priate content coverage, one of the items with

negligible DIF was used in the linking application

(Item 7). Because this item had the lowest difference

in item parameter location (0.16) between groups, it

was not expected to impact the linking because

negligible DIF has been found to have little impact

on linking. None of the other items with negligible

DIF was used in any of the linking conditions.

Table III presents the linked item location

parameter estimates and SEs for condition 8_4

(eight-item scale with four common items) and

condition 15_15 (15 overlapping items). The item

location parameters for condition 15_15 ranged

from �0.85 to 0.82. As the name implies, item

location parameters indicate where items are lo-

cated on the self-determination continuum. The

ConQuest software anchors the continuum at 0,

which means that the mean of the item location

parameters is equal to 0 (this is a common assump-

tion across all the analyses). Positive item location

parameters indicate that self-determination items

are more difficult to endorse, and vice versa. The

six items with negative item location parameters

(easier items to endorse) were Items 1, 3, 6, 8, 11

and 13, which were used in the self-determination

application to assess the amount of autonomous

motivation. Given their location on the continuum,

these items are assumed to be easier to endorse than

the other items for those with high levels of self-

determination. This is consistent with previous

Test equating
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Table III. Item location parameter estimates and SEs for various conditions

Items Item location

Parameter estimate by conditions SE by conditions

15_15 8_8 8_4 15_15 8_8 8_4

Eight-item scale with four common items 15

overlapping

items

Eight

overlapping

items

Eight-item scale with four common items

15

overlapping

items

Eight

overlapping

items

OHSU items Common items UR items OHSU items Common items UR items

1 �0.85 �0.88 �0.85 0.028 0.028 0.028

2 0.34 NAa NA NA 0.020 NA NA NA

3 �0.87 �0.91 �0.87 0.029 0.029 0.029

4 0.69 0.71 0.69 0.024 0.024 0.024

5 0.34 NA NA 0.26 0.020 NA NA 0.029

6 �0.46 NA NA �0.43 0.022 NA NA 0.032

7 0.12 0.12 0.12 0.019 0.020 0.019

8 �0.57 �0.60 �0.69 NA 0.024 0.025 0.034 NA

9 0.77 NA NA NA 0.024 NA NA NA

10 0.82 NA NA NA 0.026 NA NA NA

11 �0.43 �0.45 �0.57 NA 0.023 0.023 0.032 NA

12 0.73 0.76 0.76 NA 0.023 0.023 0.029 NA

13 �0.83 NA NA �0.86 0.028 NA NA 0.045

14 0.43 NA NA 0.35 0.020 NA NA 0.030

15 0.64 0.67 0.91 NA 0.023 0.023 0.033 NA

aNA = Response to this item was not analyzed in this simulated condition.
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experience with this scale as autonomy items

typically have a higher mean than the other

subscales items. Linking places all the items

(common and group-specific items) on the same

underlying continuum distribution, which allows

the relative location of the items to be comparable

between groups. In condition 8_4, items that were

administered to both groups were expected to have

similar (or identical) item location parameters as the

15_15 condition, and other items were expected to

deviate slightly. As shown in Table III, the common

items (Items 1, 3, 4 and 7) in condition 8_4 had

identical item location parameters to the 15_15

condition. The difference in item location parame-

ter was largest for Item 15, an item from the

amotivated subscale, where the difference between

item location parameter was 0.27. Among the

group-specific items, the differences in item loca-

tion parameters for five of the eight items were

significant (difference was >2 SE in absolute value

from the 15_15 parameter estimates). However, the

differences in item location parameter can be

classified as negligible, according to the Educa-

tional Testing Service standards for effect size [19],

as these differences are all <0.426. As reducing the

number of items administered to each group is

expected to impact the item location parameters, we

assessed this impact by administering the same

eight items to both groups (condition 8_8). All the

items that were administered to the OHSU group in

condition 8_4 were administered to both groups.

The results (Table III) revealed that the item

location parameter estimates were more similar

between conditions 8_8 and 15_15 than they were

between conditions 8_4 and 15_15.

The impact of slight variations in item location

parameter estimates on the group estimates is

presented in Table IV. Table IV shows the mean

and standard deviation (SD) estimates for the self-

determination scale for conditions 15_15, 8_8 and

8_4 by group. Results show that linking the groups

is important in preserving observed group differ-

ences. The unlinked estimate for condition 8_4

slightly affected the mean and SD, whereas the

groups’ mean appeared to be similar in the un-

linked condition. Note that group differences under

the linked conditions with eight items were equal

to 0.08 logits for both the 8_8 and 8_4 conditions

(a logit is computed by taking the natural logarithm

of the odds of obtaining this set of raw scores; in

these Rasch analyses, the scale continuum had

a mean of 0 and unconstrained SD). On a 48-point

item scale, 0.08 logits correspond to an approxi-

mately two-point difference between the groups. In

this case, this difference is not likely to be

statistically and meaningfully different; however,

group differences in other testing situations could

be larger.

Table IV. Mean and SD estimates (in Logita) for the self-determination scale by conditions and groups (OHSU and UR) for
linked and unlinked data

Conditions

15_15b 8_8b 8_4b

15 overlapping items Eight overlapping items Eight-item scale with

four common items

OHSU UR OHSU UR OHSU UR

Linked group estimate: Mean (SD) �0.02 (0.34) �0.13 (0.48) 0.10 (0.41) 0.02 (0.39) 0.13 (0.45) 0.05 (0.41)

Unlinked group estimate: Mean (SD) — — — — 0.14 (0.52) 0.13 (0.36)

aA logit is computed by taking the natural logarithm of the odds of obtaining this set of raw scores; in these Rasch analyses the
scale continuum has a mean of 0 and unconstrained SD.
bA 0.04 Logit difference is equivalent to approximately three points in the 15-item scale (90 points possible).
cA 0.10 Logit difference is equivalent to approximately two points in the eight-item scale (48 points possible).
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In addition to evaluating the impact on the group

estimate, we evaluated the impact of linking on

the case estimates by verifying the relative ranking

of the participants using condition 15_15 as the

referent group. Case estimates obtained under con-

ditions 8_8 and 8_4 were compared with those

obtained under condition 15_15. Case estimates

that differed from condition 15_15 by more than

61 SE were considered aberrant; an aberrant case is

defined as one in which a participant’s level of self-

determination differs meaningfully from condition

15_15. Reducing the scale from 15 to eight items,

with eight linking items, resulted in 20.1% aberrant

cases. In contrast, the impact of reducing the

number of items from 15 to eight items with only

four linking items resulted in 23.9% aberrant cases.

Therefore, the relative increase in the percentage of

aberrant cases as a result of administering a total of

four different items to the two groups is ;3.8%

(23.9 � 20.1%). The percentage of aberrant cases

increased to 33.5% in condition 8_1. When in-

vestigating whether the choice of a particular single

linking item makes a difference, aberrant item

percentages ranged from 26.2 to 36.0%. Finally,

as expected, scale reliability was reduced when

there were fewer items in the scale—0.81 for 15

overlapping items and 0.64 for eight overlapping

items. The reliability of conditions 8_8 and 8_4 was

the same (0.64). Overall, the results showed that

the group and case estimates, as well as scale reliab-

ility, were similar between conditions 8_8 and

8_4, which suggests that linking can be useful

when comparing groups that have been adminis-

tered different items.

Linking designs

The impact of varying the number of linking items

on the percentage of aberrant cases is shown in

Figure 1. Condition 15_15 served as the referent

group for all the comparisons. As indicated above,

the percentage of aberrant cases for condition 8_8

provided the impact of reducing the scale from

15 to eight items. Conditions 8_4 and 8_5 were

the only two conditions in which the relative per-

centage of aberrant cases differed from the 8_8

condition by <5%. This suggests that the reliability

of the estimate may be compromised by using fewer

than four linking items with an eight-item scale.

Note that having only one linking item increased

the percentage of relative aberrant cases by 13.3%.

Post hoc analyses were conducted to determine if

varying the item that served as the link could

explain the sharp increase in the percentage of

aberrant cases. Figure 2 presents the percentage of

relative aberrant cases when the single linking item

varied. The percentage of relative aberrant cases

increased when Item 1 served as the linking item; it

decreased when Item 7 was used for linking.

Omitting Item 7, the relative increase (compared

with condition 8_8) in the percentage of aberrant

cases varied from 9.6 to 15.9% when one item

served as the link. The impact of varying the

number of items on the reliability index was

minimal; reliability was found to range from 0.62

to 0.65 (Figure 3).

Discussion

This paper demonstrates how IRM linking metho-

dology can be used to compare shorter versions of

the TSRQ and the impact that varying the number

of items used in the linking process can have on

data accuracy. We showed that two simulated eight-

item TSRQ scales can be linked reasonably well if

the scale versions have at least four items in com-

mon. Four linking items were deemed necessary to
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keep the relative increase in percentage of aberrant

cases from going >5%; meaning to maintain an

adequate relative rating with respect to the 15-item

scale. Because the two versions of the TSRQ were

created so as to balance the number of items that

assessed autonomous and controlled motivation

and amotivation, it is possible that other versions

could have required more or fewer linking items.

Varying the number of linking items did not affect

the reliability of the scale; this was somewhat

expected because test reliability is affected more

by the number of items included in the scale [20].

When comparing two groups that have taken two

versions measuring the same construct, the scales

must be linked to accurately assess group differ-

ences. In our application, linking had a minimal

impact on the group estimate; however, this finding

is not necessarily generalizable. For example, with

longer scales and when the content is not as well

counterbalanced as in this application, linking

could have a greater impact on the group estimate.

Overall, this paper demonstrates that linking can

be useful when comparing groups that have taken

different versions of the TSRQ.

It is important to consider some methodological

issues that relate to linking. The purpose of linking

as described in this paper is to enable the compar-

ison of participants who have taken different

versions of a scale. Linking is expected to decrease

measurement errors in such comparisons. Violating

the underlying assumptions of the linking process,

however, may increase measurement errors; it may

be best in such situations not to link the scales.

In addition, the linking process can affect both ran-

dom and systematic errors. Random errors are as-

sociated with sampling; using large samples is one

way to control random errors [1, 21]. Controlling

for systematic errors is more complex. Verifying

assumptions that underlie the model used in the

linking process is one way to minimize these errors.

Prior to selecting a statistical model for the linking

process, it also is important to consider the design

that will be used to collect data, determine how

many items will be used to link the scales, which

items are most appropriate to serve as links between

two scales, which group of participants is more

suited for use in the linking process and sample size

needed with a given statistical model. Clear de-

cision-making rules for these issues do not exist,

however. As there are no clear criteria to guide such

analyses, it may be advantageous for researchers to

conduct a pilot study to identify the best linking

design for a given situation and to validate the

linking process.

Linking methodologies can be of value to health

behavior and health education research, as it is quite

common for researchers to use slightly different

scales to measure the same construct. Linking re-

sults would improve our ability to compare results

across studies. It may be useful to establish

normative scales for constructs of interest. Estab-

lishing normative scales would provide a standard
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for the linking process and ensure that all studies

use the same normative linking items. Identifying

normative items for a given construct will require

effort; once these items are identified, however,

it will improve our ability to compare different

studies by allowing study-specific items to be

included in a given scale.

An alternative to identifying normative linking

items is to develop an item bank of calibrated items.

The methodology and procedures for using re-

positories of calibrated items to link different ver-

sions of a construct are well developed but

have received little attention in health behavior

and health education research. Item banking would

provide increased flexibility for linking purposes.

At present, the major obstacle to using item-

banking methodologies relates to the process of

developing and managing item banks [14]. The

methodology to equate scales that measure the

same construct is available, and health behavior

and health education researchers would benefit

from using these methods when comparing studies.
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