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Abstract

It is of­ten not possib­le to rea­lize ideal eva­lu­a­tion standards when it comes to eva­lu­a­ting modifi­ca­tions to 
edu­ca­tional settings. In this article theoretical and practical problems in the eva­lu­a­tion of modifi­ca­tions 
in edu­ca­tio­nal settings are discussed. Ba­sed on these considera­tions the ENDIT mo­del of eva­lu­a­tion is 
presented. It comprises fi­ve minimal standards necessa­ry for a convincing eva­lu­a­tion: 1) ef­fect estab­
lishment, 2) control of the novelty ef­fect, 3) discriminant va­lida­tion, 4) su­periority over compa­red to 
implicit control groups, and 5) time-dela­yed control group. The fi­ve standards are ex­plained and their 
utility for research is demonstra­ted, by way of an example, through the eva­lu­a­tion of a visu­a­liza­tion tool 
that was introdu­ced in order to increa­se participa­tion in an e-mentoring commu­nity. Participants in the 
investiga­tion comprised 231 fema­le high-school stu­dents participa­ting in the e-mentoring commu­nity 
CyberMentor that aims at increa­sing interest and participa­tion in STEM (Science, Technology, Engine­
ering, and Mathema­tics). 
Key words: e-mentoring, online commu­nity, eva­lu­a­tion standards, ENDIT method. 

Intro­duction

For ma­ny and di­verse rea­sons, modi­fi­ca­tions are indispensab­le in all edu­ca­tional settings. 
Examples inclu­de the introduction of new school textbooks, a change in teacher, adjustments to 
the method of instruction, adapta­tions in response to increa­sed levels of stu­dent competency, and 
so on. That is why edu­ca­tional settings are not at all sta­tic, but rather dyna­mic and ever-developing 
enti­ties.
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It is wi­dely accepted that eva­lu­a­tions should be carried out at ma­ny points du­ring the course 
of an edu­ca­tion program (Cook & Campbell, 1979; Hou­se, 1978; Rossi, Lipsey & Freeman, 2004). 
The ra­tiona­le for this may be, among ma­ny others:

•	 a cost–­benefit ana­lysis,
•	 the compa­ri­son of outcomes with ob­jecti­ves,
•	 the determi­na­tion of cau­sal rela­tionships between va­riab­les.
The topic of this pa­per is the determi­na­tion of cau­sal rela­tions between va­riab­les. However, 

diffi­culties do ari­se in ma­ny eva­lu­a­tions, and we will illustra­te this with our own research project, 
the CyberMentor program.

The­o­re­ti­cal and Practi­cal Pro­blems in the Evalu­ation of Mo­di­fi­cations in Edu­ca­
tio­nal Settings

CyberMentor is an e-mentoring commu­ni­ty (Schimke, Stoeger, & Ziegler, 2009a, 2009b). The 
parti­ci­pants are girls between the ages of 12 and 19 who are interested in STEM (Science, Techno
logy, Engi­neering, and Mathema­tics). Each high-school stu­dent is pai­red with one personal fema­le 
mentor who is working in a field of STEM. Mentor and mentee commu­ni­ca­te via email at least once 
a week. Addi­tionally, an on-li­ne platform is provi­ded which offers a wi­de range of onli­ne commu­ni
ty fea­tu­res. For example: each parti­ci­pant (mentee and mentor ali­ke) may introdu­ce herself on and 
maintain a personal pa­ge; members may parti­ci­pa­te in a discussion forum or chat with each other; 
and an onli­ne journal is pub­lished regu­larly.

For some, it will be appa­rent that the eva­lu­a­tion of onli­ne commu­ni­ties li­ke CyberMentor con
fronts the researcher with va­rious problems typi­cal of ma­ny areas in the social sciences (Cook & 
Campbell, 1979; Law, 2004; Trochim, 1986). Ma­ny problems stem from the fact that onli­ne com
mu­ni­ties, li­ke ma­ny edu­ca­tional settings, ha­ve their indi­vi­du­al prehistory that needs to be ta­ken into 
account du­ring research. Only when this is known can present interactions and actors’ intentions 
be understood. In this respect, each onli­ne commu­ni­ty is cha­racteri­zed by uni­qu­eness, and here it 
is even possib­le to speak of each commu­ni­ty ha­ving its own identi­ty. In contrast to this, the parti­ci
pants of the classic experi­ment are almost ahistori­cal and their idiosyncra­sies are understood to be 
sources of potential bias. The randomi­zed alloca­tion to condi­tions aims to avera­ge out this distor
ting factor.

The cha­racteristic identi­ty of each edu­ca­tional setting leads to a multi­tu­de of serious metho
dologi­cal problems which ari­se when conducting research. Thus, for example, the uni­qu­eness of 
an onli­ne commu­ni­ty prevents the crea­tion of an appropria­te control group. This applies equ­ally 
to the randomi­zed alloca­tion of people to an experi­mental and a control group, and to the crea­tion 
of a pa­rallel control group. It might be possib­le to find a group of people who resemble the onli­ne 
commu­ni­ty members with respect to the personal attri­bu­tes consi­dered relevant. However, finding 
ana­logous personal rela­tionships between the members (friendship, ani­mosi­ty, mistrust, etc.) is unli
kely. It would be an enormous coinci­dence if compa­rab­le group dyna­mics and structu­res happened 
to develop in different groups. In other words: in the eva­lu­a­tion of onli­ne commu­ni­ties, controlled 
experi­ments are not possib­le due to the lack of appropria­te control groups. But how might the effect 
of an onli­ne commu­ni­ty’s development be eva­lu­a­ted? How can changes following a modi­fi­ca­tion 
be ascri­bed preci­sely to that modi­fi­ca­tion?

Besi­des the theoreti­cal problems of forming adequ­a­te control groups, there are also practi­cal 
consi­dera­tions (for details see Schimke et al., 2009b). The forma­tion of an effi­cient onli­ne commu
ni­ty is very expensi­ve (e.g., design and implementa­tion of the platform, pa­yment of staff, mainte
nance). If research is possib­le at all, then usu­ally one of three ca­ses applies (Schimke, 2010, fort
hcoming). First, research funds may fa­ci­li­ta­te the crea­tion of an onli­ne commu­ni­ty for experi­mental 
purposes (this was the ca­se, for example, with CyberMentor); but only in ra­re ca­ses is the crea­tion 
of a control group possib­le. In fact, only one out of the dozens of stu­dies exa­mi­ning the introduction 
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may be allowed to conduct investi­ga­tions in an existing onli­ne commu­ni­ty. Generally, however, in 
these ca­ses permission will not be gi­ven to conduct experi­mental ma­ni­pu­la­tions, and, when this is 
possib­le, the crea­tion of control groups is usu­ally not fea­sib­le. Third, sponsors may be found for 
setting up onli­ne commu­ni­ties for certain purposes – but not for the purpose of research. This is true 
for the e-mentoring commu­ni­ty in which our research project, descri­bed below, is set. Fi­nancial sup
port was provi­ded for the sole purpose of promoting girls’ interests in STEM (Science, Technology, 
Engi­neering, and Mathema­tics) and upon the condi­tion that all girls shall recei­ve opti­mal treatment. 
From the perspecti­ve of the external sponsors, estab­lishing a control group would mean knowingly 
sub­jecting some parti­ci­pants to condi­tions that the researchers consi­dered less than ideal. Hence, 
the crea­tion of a control group was not possib­le.

In summa­ry, from a theoreti­cal perspecti­ve the main diffi­culty in the eva­lu­a­tion of modi­fi­ca
tions to edu­ca­tional settings results from the fact that such settings ha­ve an intrinsic cha­racter of 
uni­qu­eness. This would exclu­de classic experi­mental design, which requi­res the random alloca­tion 
of sub­jects to certain condi­tions. Even qu­a­si-experi­mental designs, where there is no random allo
ca­tion of research parti­ci­pants to condi­tions, are diffi­cult to rea­li­ze. The uni­que cha­racter of the 
treatment condi­tion inhi­bits the crea­tion of a completely pa­rallel control group. These essentially 
theoreti­cal problems are compounded by va­rious practi­cal diffi­culties. Thus, the typi­cal ca­se, which 
is clearly domi­nant, is that there are no control groups at all.

ENDIT: a Pro­po­sed Practical So­lution 

Both the theoreti­cal and the practi­cal problems of eva­lu­a­ting modi­fi­ca­tions in edu­ca­tional set
tings requi­re the development of rea­listic eva­lu­a­tion standards. Such standards must allow a rea­so
nab­le combi­na­tion of what is possib­le in practi­ce with what is necessa­ry in theory. We suggest a 
procedu­re compri­sing fi­ve components and forming the acronym ENDIT from the ini­tial letter of 
each component: 

•	 Effect estab­lishment
•	 Novelty effect
•	 Discri­mi­nant va­li­da­tion
•	 Impli­cit control group
•	 Ti­me-dela­yed control group.
We would li­ke to illustra­te these fi­ve components using the example of an investi­ga­tion within 

the context of CyberMentor. Several months after the beginning of the mentoring program, a vi­su­a
li­za­tion tool was introdu­ced into the commu­ni­ty platform. It illustra­tes both the indi­vi­du­al and the 
avera­ge parti­ci­pa­tion beha­vior of the program parti­ci­pants. It was hoped that its use would ma­ke 
the commu­ni­ty more attracti­ve for its members, resulting in higher ra­tes of parti­ci­pa­tion and enga
gement (see below).

Effect estab­lishment: The most ba­sic requi­rement for the proof of the effecti­veness of a modi­fi
ca­tion – in our ca­se the introduction of the vi­su­a­li­za­tion tool – is that the expected outcome should 
appear, to a certain extent, after its introduction. Concretely, for example, one should ob­serve a gre
a­ter inci­dence of parti­ci­pa­tion and/or longer ti­mes of enga­gement. 

Novelty ef­fect: A novelty effect typi­cally occurs, not surpri­singly, when something new is in
trodu­ced. In onli­ne commu­ni­ties such modi­fi­ca­tions could, for instance, be the presenta­tion of new 
content or the announcement of an innova­tion. Onli­ne commu­ni­ty users accordingly show an incre
a­sed degree of interest, and their parti­ci­pa­tion level ri­ses. For example, Sun and Vassi­leva (2006, p. 
10) wri­te: ‘The novelty effect is well known in the area of Hu­man-Compu­ter Interaction and may 
account for the ini­tial interest in the stu­dents to use the system with the new interfa­ce.’ The possi
bi­li­ty of assessing such a novelty effect lies in a compa­ri­son of changes after the modi­fi­ca­tion with 
changes after other modi­fi­ca­tions. Should the effect after the exa­mi­ned innova­tion turn out to be 
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much bigger than it typi­cally is after other innova­tions, then a genui­ne influ­ence of the modi­fi­ca­tion 
is indi­ca­ted.

Discriminant va­lida­tion: In order to exclu­de the possi­bi­li­ty that the effect of a modi­fi­ca­tion 
after an innova­tion could simply be ascri­bed to the novelty effect itself, the preceding two steps are 
not suffi­cient. For this rea­son, a discri­mi­nant va­li­da­tion has to be also carried out. Such a va­li­da­tion 
is ba­sed on the idea that innova­tions are linked to speci­fic expecta­tions. In our ini­tial example the 
introduction of the vi­su­a­li­za­tion tool is expected to result in an increa­se in parti­ci­pa­tion beha­vior. 
At the sa­me ti­me it is expected that there would be no effect on other va­riab­les, such as the interest 
in STEM or self-effi­ca­cy towards STEM. The modi­fi­ca­tion to be eva­lu­a­ted should ha­ve a speci­fic 
effect, otherwi­se changes mea­su­red in the eva­lu­a­tion could be the result of some innova­tion ha­ving 
an undifferentia­ted effect. A discri­mi­nant va­li­da­tion thus requi­res the occurrence of nega­ti­ve predic
tions. In our example, the introduction of the vi­su­a­li­za­tion tool does not result in any effects other 
than a change in parti­ci­pa­tion. 

Implicit control group: As alrea­dy mentioned, control groups in the sense of the classic experi
ment are often not possib­le. Nevertheless, it is possib­le to speci­fy groups for appropria­te compa­ri
sons indi­rectly. These are then ab­le to fulfill a si­mi­lar function as control groups. For this purpose, 
one ta­kes advanta­ge of the fact that the parti­ci­pants use the new fea­tu­re in different wa­ys and to 
different extents. For instance, in our project some onli­ne commu­ni­ty members used the vi­su­a­li­za
tion tool more often than others. Therefore, this is an indi­ca­tion of stronger parti­ci­pa­tion beha­vior 
by some onli­ne commu­ni­ty members compa­red with others.

Time dela­yed control group: Although it is often not possib­le to crea­te a control group at the 
sa­me ti­me, in ma­ny ca­ses one can repeat the investi­ga­tion with a new cohort. This is a well-known 
stra­tegy for teachers who, over ma­ny years, test, improve and refi­ne a peda­gogi­cal approach for im
parting content to their stu­dents. This applies to onli­ne commu­ni­ties as well. For example, each year 
a new mentoring sea­son starts and a new group of fema­le stu­dents enters the program.

Of course, the fi­ve components of the ENDIT method do not repla­ce classi­cal experi­mental de
sign with randomi­zed alloca­tion of treatment and control groups along with the control of va­riab­les. 
However, ta­ken as a holistic model, the informa­ti­ve va­lue of the fi­ve ENDIT components is sub­stan
tial. If results are triangu­la­ted across the components, then there is either strong evi­dence that the 
new fea­tu­re is effecti­ve or that the outcomes should rather be ascri­bed to novelty effects or other 
va­riab­les. In the following section, we will demonstra­te the usefulness of the ENDIT model on the 
example used so far, the introduction of a vi­su­a­li­za­tion tool to the onli­ne commu­ni­ty CyberMentor 
program.

An Applica­tion of ENDIT
 

In this section, the usefulness of ENDIT when eva­lu­a­ting the introduction of a vi­su­a­li­za­tion 
tool will be demonstra­ted. The vi­su­a­li­za­tion served to illustra­te the acti­vi­ties of the members of the 
onli­ne commu­ni­ty. First we will descri­be the tool and the underlying theory then we will outli­ne the 
method used in the eva­lu­a­tion stu­dy and report on its results.

The Visua­liza­tion To­ol CyberCircle

The vi­su­a­li­za­tion tool provi­des feedback about one’s own and others’ parti­ci­pa­tion ra­tes within 
the platform. According to her parti­ci­pa­tion ra­te (platform vi­sits, discussion-board posts, personal 
messa­ges, and chat posts), each member is pla­ced in one of the following user groups: Beginner, 
Ama­teur, VIP, Pro, and Top CyberMentee. The vi­su­a­li­za­tion tool is designed as a circle and compo
sed of fi­ve concentric rings (see Fi­gu­re 1). The ou­ter ring represents the Beginner CyberMentees. 
The inner ring represents the Top CyberMentees. Each member can identi­fy her own sta­tus from the 
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The vi­su­a­li­za­tion tool needs to provi­de a classi­fi­ca­tion of all commu­ni­ty-members (N = 231) 
by assigning each one to one sta­tus group. For instance, at the beginning of a program, all members 
start as Beginner. As there is no li­mit to the ma­xi­mum number of persons per sta­tus group, it was de
ci­ded to represent users as spots pla­ced in the ring that corresponds to their user-group. If you click 
on the corresponding ring (e.g., Beginner), there appear as ma­ny user points in the ring as users 
are ascri­bed to that sta­tus (see Fi­gu­re 1). In order to estab­lish a connection between the user points 
and the actu­al members, the users’ corresponding icons or mi­nia­tu­re profi­le pictu­res are arranged 
around the circle. It was felt to be important that each mi­nia­tu­re pictu­re be ‘clickab­le’ in order to 
enlarge the pictu­re of the person. 

Figure 1. 	 So­cial Visua­liza­tion To­ol CyberCircle.

Descrip­tion of the The­o­re­ti­cal Background for the Intro­duction of the Vi­su­ali­
za­tion To­ol

Vi­su­a­li­za­tion tools can be used in order to vi­su­a­li­ze acti­vi­ties in an onli­ne commu­ni­ty. This is 
consi­dered to be one possib­le way of increa­sing parti­ci­pa­tion.

In the ti­mes of the Web 2.0, there are ra­rely anonymous commu­ni­ties without social indi­ca­tors 
such as profi­le pa­ges with pictu­res or personal messa­ges. The focus of such profi­le pa­ges is on of
fering informa­tion about indi­vi­du­als and estab­lishing contact among members. However, interper
sonal differences become appa­rent through interaction and commu­ni­ca­tion with other commu­ni­ty 
members; thus, the ini­tially high social identi­ty, as it typi­cally occurs in anonymous commu­ni­ties, 
decrea­ses (Postmes, Haslam, & Swa­ab, 2005). In contrast, personal identi­ty or rather inter-personal 
contact gains importance.

Ren, Kraut, and Kiesler (2007) also assu­me such an identi­ty process. They argue that onli­ne 
commu­ni­ty members get to know each other better through social interaction, e.g., by means of 
personal messa­ges, and hence rela­tionships between the members develop. The opportu­ni­ties for 
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self-disclosu­re and self-presenta­tion, e.g., by means of profi­le pa­ges or chat posts, also fa­ci­li­ta­te 
getting to know each other. Thus the way of looking at the group shifts from the group itself, as 
identi­ty-ba­sed attachment, to personal rela­tionships between indi­vi­du­al members, i.e., bond-ba­sed 
attachment. Again, according to Postmes, Ba­ray, Haslam, Morton, and Swa­ab (2006), social iden
ti­ty can especially be increa­sed in such a si­tu­a­tion if each member can be indi­vi­du­ally identi­fied. 
One possib­le way of increa­sing the indi­vi­du­al identi­fi­ca­tion of indi­vi­du­al members within an onli­ne 
commu­ni­ty and thus influ­encing their beha­vior is to employ vi­su­a­li­za­tion, that is, ‘awa­reness tools 
that show who is currently onli­ne and what they are doing may help people gain and maintain a sen
se of others and their ha­bits’ (Ren et al., 2007, p. 388). 

The extent to which the user beha­vior of onli­ne commu­ni­ty members can actu­ally be influ
enced by vi­su­a­li­za­tion tools, if at all, as Ren et al. (2007) presu­me, is exa­mi­ned in the following 
eva­lu­a­tion stu­dy.

Metho­do­lo­gy of Research

Research performance

Da­ta from 231 fema­le stu­dents ha­ve been ana­lyzed for this stu­dy (in order to illustra­te the use 
of the diachronic control group, another group of parti­ci­pants is descri­bed below). All girls who par
ti­ci­pa­ted in the CyberMentor program volunteered to parti­ci­pa­te in the stu­dy. The research period of 
ten months (du­ring the period from Ja­nu­a­ry to September) was di­vi­ded into three pha­ses: a starting 
pha­se (months 1 and 2), a consoli­da­tion pha­se (month 3) and an effect pha­se (months 4 and 5). 

The vi­su­a­li­za­tion tool was integra­ted into the commu­ni­ty platform after the consoli­da­tion pha
se (see Fi­gu­re 2). The deci­sion to integra­te the tool at this point in ti­me is ba­sed on results which 
sta­te that system usa­ge decrea­ses signi­fi­cantly after approxi­ma­tely three months (Hartwick & Bar
ki, 1994). The commu­ni­ty members were informed about the introduction of the vi­su­a­li­za­tion tool 
via email.

Figure 2. 	 Pha­se division during the research period.
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The parti­ci­pants in the investi­ga­tion compri­sed 231 fema­le stu­dents parti­ci­pa­ting in the e-men
toring commu­ni­ty CyberMentor. They were between 12 and 19 years of age, and the avera­ge age 
was M = 14.92 years (SD = 1.79).

In order to crea­te impli­cit control groups (see below), parti­ci­pants were classi­fied in one of the 
three groups:

•	 Non-User (79 mentees never vi­si­ted the vi­su­a­li­za­tion tool), 
•	 Sparse-User (78 mentees vi­si­ted the vi­su­a­li­za­tion tool one to three ti­mes),
•	 User (74 mentees vi­si­ted the vi­su­a­li­za­tion tool four or more ti­mes).

Da­ta recorded and mea­su­rement instru­ments

Participa­tion: Parti­ci­pa­tion in the onli­ne commu­ni­ty was recorded on the ba­sis of four indi­ca
tors: 

•	 number of platform vi­sits, 
•	 number of discussion board posts
•	 number of personal messa­ges sent to other commu­ni­ty members, and 
•	 number of chat posts.
This informa­tion was stored anonymously in a MySQL da­ta­ba­se and could be exa­mi­ned indi

vi­du­ally. As the pha­ses to be exa­mi­ned are not equ­al in du­ra­tion (two-month starting pha­se; one-
month consoli­da­tion pha­se; two-month effect pha­se), the avera­ge va­lu­es for each va­riab­le ha­ve 
been calcu­la­ted.

Elective beha­vior for the STEM field: The parti­ci­pants’ electi­ve beha­vior for the STEM field 
was recorded by means of a fi­ve-item sca­le (Ziegler & Stoeger, 2008). Research parti­ci­pants sta­ted 
on a six-point Li­kert sca­le how much they could ima­gi­ne:

•	 choosing STEM as field of stu­dy, 
•	 ta­king up an occu­pa­tion in a STEM field, and 
•	 parti­ci­pa­ting in an extra­curri­cu­lar STEM event. 
Cronbach’s Alpha was sa­tisfactory with 0.86 at the first and 0.88 at the second point of mea­su

rement.
STEM-Interest: The stu­dy used a six-point Li­kert sca­le adapted to the STEM field with six 

items from Ziegler, Dresel, and Schober (1998). Cronbach’s Alpha was sa­tisfactory with .85 at the 
first and .90 at the second point of mea­su­rement.

Belief in one’s own abilities in the STEM field: A sca­le adapted to the STEM field was used to 
record the belief in one’s own abi­li­ties (Dweck, 1999; Dweck & Henderson, 1988). All items had 
to be assessed on a six-point sca­le. Cronbach’s Alpha was sa­tisfactory with .87 at the first and .85 
at the second test interval.

Results of Research 

Effect Estab­lishment

In this ana­lysis, of course, only the parti­ci­pants who actu­ally used the vi­su­a­li­za­tion tool are 
consi­dered. It was shown that:

•	 the number of platform visits increa­sed signi­fi­cantly from the consoli­da­tion pha­se (M = 17.15, 
SD = 16.62) to the effect pha­se (M = 27.82, SD = 23.07, t(73) = 4.59, p < .001); 

•	 the number of discussion bo­ard posts increa­sed signi­fi­cantly from the consoli­da­tion pha­se 
(M = 2.27, SD = 3.35) to the effect pha­se (M = 12.03, SD = 18.79, t(73) = 4.58, p < .001);
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•	 the number of perso­nal messa­ges increa­sed signi­fi­cantly from the consoli­da­tion pha­se  
(M = 6.93, SD = 8.34) to the effect pha­se (M = 16.49, SD = 29.62, t(73) = 2.25, p < .01;

•	 the number of chat posts increa­sed signi­fi­cantly from the consoli­da­tion pha­se (M = 21.91, 
SD = 71.37) to the effect pha­se (M = 107.81, SD = 218.08, t(73) = 3.96, p < .001).

In summa­ry, it can be sta­ted that parti­ci­pa­tion increa­sed after the introduction of the vi­su­a­li
za­tion tool to the onli­ne platform. It has alrea­dy been mentioned above that this alone cannot be 
regarded as a proof of effecti­veness of the modi­fi­ca­tion to the program.

Novelty Ef­fect

The ob­jecti­ve of this descripti­ve ana­lysis is to exa­mi­ne whether the increa­se in parti­ci­pa­tion 
after the introduction of the vi­su­a­li­za­tion tool can only be ascri­bed to the novelty effect. If this is 
the ca­se, increa­ses in parti­ci­pa­tion should also appear after other modi­fi­ca­tions. Furthermore, the 
increa­se in parti­ci­pa­tion after the introduction of the vi­su­a­li­za­tion tool should not be higher than the 
increa­se in parti­ci­pa­tion after other modi­fi­ca­tions.

In order to check the novelty effect, the changes in the commu­ni­ty members’ parti­ci­pa­tion 
beha­vior is exa­mi­ned after pub­li­ca­tion of the internal onli­ne journal CyberNews. Over the course 
of the research period of fi­ve months, four issu­es of the onli­ne journal were pub­lished. The weeks 
of pub­li­ca­tion were weeks 5, 10, 14, and 18, and these weeks are each indi­ca­ted by a red circle in 
Fi­gu­re 3.

An exa­mi­na­tion of the weekly development of platform vi­sits indi­ca­tes that, after new issu­es 
of the onli­ne journal ha­ve been pub­lished within the platform, at the most short-term effects and 
perhaps no effects can be ob­served. That is, if there were any effects at all, they were of short du­ra
tion.

Ana­logous results are found when ob­serving the other parti­ci­pa­tion ra­tes for discussion board 
posts, personal messa­ges, and chat posts. None of these modi­fi­ca­tions led to an increa­se in parti­ci­pa
tion as much or as perma­nently as did the introduction of the vi­su­a­li­za­tion tool after week 12. This 
suggests that the increa­se in parti­ci­pa­tion after the introduction of the vi­su­a­li­za­tion tool cannot be 
ascri­bed to the novelty effect.

Disc­riminant validation

The vi­su­a­li­za­tion tool was introdu­ced in order to increa­se parti­ci­pa­tion beha­vior. Nevertheless, 
there is no rea­son to assu­me that other factors such as the electi­ve beha­vior in STEM, STEM inte
rest, or belief in one’s own abi­li­ties in the STEM field could also be influ­enced by the introduction 
of the vi­su­a­li­za­tion tool. In order to test these assumptions, several t-tests were conducted. Neither 
the electi­ve beha­vior in STEM (t(143) = 0.12, p > .10), nor the interest in STEM (t(143) = -0.87,  
p > .10), nor the belief in one’s own abi­li­ties in the STEM field (t(143) = 0.45, p > .10) changed 
signi­fi­cantly from before to after the introduction of the vi­su­a­li­za­tion tool. Evi­dently, the speci­fic 
changes expected from the introduction of the vi­su­a­li­za­tion tool can be shown with respect to parti
ci­pa­tion, but not with respect to any other mea­su­re.
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Figure 3.	 Weekly participa­tion ra­tes (platform visits, discussion bo­ard posts,  
		  perso­nal messa­ges, chat posts) over the course of 20 weeks.

Implicit control group

It is assu­med that the parti­ci­pa­tion ra­te is dependent on the usa­ge frequ­ency of the vi­su­a­li­za
tion tool. In the ca­se of Non-Users, by defi­ni­tion, one should not ascertain any increa­se in parti­ci
pa­tion. 

Below, three different groups of users are exa­mi­ned: Non-Users, Sparse-Users, and Users. The 
first two groups may be consi­dered to be control groups. In order to check whether the introduction 
of the vi­su­a­li­za­tion tool has different effects on each group of users, ANOVAs were conducted, 
with the group as factor and the different parti­ci­pa­tion va­riab­les in the effect pha­se as dependent 
va­riab­les. Since parti­ci­pa­tion in the earlier pha­ses (starting pha­se, consoli­da­tion pha­se) might also 
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ha­ve an influ­ence on la­ter parti­ci­pa­tion ra­tes (effect pha­se), the parti­ci­pa­tion va­riab­les of the first 
two pha­ses were added as cova­ria­tes.

The results are displa­yed in Fi­gu­re 4. When eva­lu­a­ting platform vi­sits, a clear group effect 
(F(2,226) = 30.77, p < .001) was found. Post-hoc ana­lyses veri­fy that only the Users group showed 
a signi­fi­cant increa­se after the tool’s integra­tion into the platform. The Non-Users group in fact sho
wed a signi­fi­cant decrea­se. 

The number of discussion board posts also showed a signi­fi­cant group effect (F(2,226) = 13.20, 
p < .001). Post-hoc ana­lyses veri­fy that discussion board posts increa­sed in the groups of Users and 
Sparse-Users. In the Non-Users group, the number of discussion board posts decrea­sed slightly, but 
not signi­fi­cantly, after the introduction of the vi­su­a­li­za­tion tool. 

Addi­tionally, the number of personal messa­ges showed the expected group effect  
(F(2,226) = 12.87, p < .001). Post-hoc ana­lyses veri­fy that personal messa­ges increa­sed signi­fi
cantly in the Users group after the introduction of the vi­su­a­li­za­tion tool. There were no signi­fi­cant 
changes in the other two groups. 

A clear group effect was also recorded concerning the number of chat posts (F(2,226) = 18.03, 
p < .001). Post-hoc ana­lyses veri­fy a signi­fi­cant increa­se among the Users and Sparse-Users. There 
were no signi­fi­cant changes in the Non-Users group. 

Figure 4.	 Development of the four participa­tion do­mains (platform visits,  
		d  iscussion bo­ard posts, perso­nal messa­ges, and chat posts) of the  
		  groups Non-Users, Sparse-Users, and Users. Re­le­vant phases:  
		  starting pha­se, conso­lida­tion pha­se, and effect pha­se.

Time-dela­yed control group

Three years after the mentoring pha­se in which the vi­su­a­li­za­tion tool was introdu­ced within the 
commu­ni­ty platform, another mentoring pha­se was started. 744 girls parti­ci­pa­ted. They were also 
between 12 and 19 years old, and had an avera­ge age (M = 14.93; SD = 2.11) compa­rab­le to that of 
the group previously exa­mi­ned. The components of the program, in parti­cu­lar the onli­ne platform 
(discussion board, chat, profi­le pa­ges, personal messa­ges, onli­ne ma­ga­zi­ne), were almost identi­cal 
to those of the earlier mentoring pha­se. The deci­si­ve difference lies in the fact that there was no 
vi­su­a­li­za­tion tool introdu­ced into the commu­ni­ty platform in this la­ter mentoring pha­se. This com
mu­ni­ty’s parti­ci­pants are thus su­itab­le as a dela­yed control group.

A compa­ri­son of the two groups (see Fi­gu­re 5) showed very clearly the differences in the 
parti­ci­pa­tion beha­vior after the consoli­da­tion pha­se. First, 2x3 repea­ted mea­su­re ana­lyses showed 
signi­fi­cant main effects for the platform vi­sits (F(2,972) = 114.16, p < .001), the discussion board 
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166 posts (F(2,972) = 13.29, p < .001), and the personal messa­ges (F(2,972) = 20.99, p < .001). That is, 
parti­ci­pa­tion changed signi­fi­cantly over the course of the three pha­ses. In the ca­se of the chat posts, 
there was no signi­fi­cant main effect (F(2,972) = 1.97, p > .10). Second, the 2x3 repea­ted mea­su­res 
also showed signi­fi­cant interaction effects for the platform vi­sits (F(2,972) = 37.17, p < .001), the 
discussion board posts (F(2,972) = 27.73, p < .001), and the personal messa­ges (F(2,972) = 17.69,  
p < .001). For the chat posts we found a margi­nally signi­fi­cant interaction effect (F(2,972) = 2.97, 
p < .10). Not only did the parti­ci­pa­tion change over the course of the stu­dy, it also developed diffe
rently in the experi­mental group compa­red with the ti­me-dela­yed control group.

T-tests did not show signi­fi­cant differences between the two groups (experi­mental and ti­me-
dela­yed control group), neither in the starting pha­se (platform vi­sits: t(973) = 0.05, p > .10; dis
cussion board posts: t(973)= 0.26, p > .10; personal messa­ges: t(973)= 0.12, p > .10; chat posts:  
t(973)= -0.41, p > .10) nor in the consoli­da­tion pha­se (platform vi­sits: t(973)= 0.38, p > .10; dis
cussion board posts: t(973)= -0.08, p > .10; personal messa­ges: t(973)= 0.45, p > .10; chat posts: 
t(973)= -0.68, p > .10). This is what one would ha­ve expected, since the experi­mental and the 
control group did not differ until the vi­su­a­li­za­tion tool was inclu­ded on the platform. In the effect 
pha­se (after the tool was introdu­ced in the experi­mental group, but not in the ti­me-dela­yed control 
group), t-tests showed signi­fi­cant differences between the two groups (platform vi­sits: t(973)= 4.91,  
p < .001; discussion board posts: t(973)= 4.39, p < .001; personal messa­ges: t(973)= 3.36, p < .01; 
chat posts: t(973)= 3.33, p < .01). This indi­ca­tes that the increa­se in parti­ci­pa­tion might be ba­sed on 
the introduction of the vi­su­a­li­za­tion tool.

Whi­le there was no increa­se in parti­ci­pa­tion (in most ca­ses there was actu­ally a signi­fi­cant dec
rea­se) from the consoli­da­tion to the effect pha­se in the ti­me-dela­yed control group (platform vi­sits: 
t(743) = -8.83, p < .001; the discussion board posts: t(743) = -1.83, p < .10; personal messa­ges: 
t(743) = -4.77, p < .001; chat posts: t(743) = -1.55, p > .10), parti­ci­pa­tion increa­sed signi­fi­cantly 
in the other group after the vi­su­a­li­za­tion tool had been introdu­ced (platform vi­sits: t(230) = 3.57,  
p < .001; discussion board posts: t(230) = 4.42, p < .001; personal messa­ges: t(230) = 2.25, p < .05; 
chat posts: t(230) = 3.82, p < .001).

Figure 5. 	 Development of the four participa­tion do­mains (platform visits,  
		d  iscussion bo­ard posts, perso­nal messa­ges, and chat posts) of the  
		g  roup using the platform with the visua­liza­tion to­ol and the group  
		  using the platform without the visua­liza­tion to­ol. 
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Discussion

In this pa­per we ha­ve addressed a problem that commonly ari­ses in edu­ca­tional research: The 
eva­lu­a­tion of modi­fi­ca­tions in uni­que edu­ca­tional settings when there is no control group avai­lab­le. 
In such ca­ses, the main diffi­culty lies in determi­ning whether changes that appear after a speci­fic 
modi­fi­ca­tion can really be ascri­bed to that modi­fi­ca­tion. 

Essentially, this is a problem that has tra­di­tionally involved the exa­mi­na­tion of cau­sal rela­tions. 
In order to fulfill the experi­mental standards requi­red for this approach, one would in fact need a con
trol group (Sha­dish, Cook, & Campbell, 2002). We ha­ve proposed the ENDIT method for the metho
di­cally sensi­ti­ve and vulnerab­le si­tu­a­tion of not being ab­le to crea­te a control group. This model do
es not repla­ce an experi­ment; however, in our opi­nion, it allows eva­lu­a­tions of the effecti­veness of a 
modi­fi­ca­tion in peda­gogi­cal settings which approach or approxi­ma­te va­li­di­ty. We demonstra­ted this 
process by eva­lu­a­ting the introduction of a vi­su­a­li­za­tion tool into an onli­ne commu­ni­ty platform. 
This occurred with the ob­jecti­ve of increa­sing the parti­ci­pa­tion ra­te of the commu­ni­ty members. A 
higher parti­ci­pa­tion ra­te is desi­rab­le, as it influ­ences the success of the commu­ni­ty itself. McKenna 
and Bargh (1998) found, for example, that parti­ci­pa­tion in an onli­ne commu­ni­ty for people with 
stigma­ti­zed sexu­al identi­ties or poli­ti­cal ideologies had posi­ti­ve effects on self-esteem, and that the 
benefits were grea­ter for more acti­ve users than for less acti­ve parti­ci­pants. Acti­ve parti­ci­pa­tion in 
onli­ne commu­ni­ties also leads to longer-term membership (Butler, Sproull, Kiesler, & Kraut, 2002). 
This is especially important for mentoring, becau­se empi­ri­cal results show that the success of a men
toring program is posi­ti­vely correla­ted with its du­ra­tion (Grossman & Rhodes, 2002).

In the first step of ENDIT, an exa­mi­na­tion of four different indi­ca­tors of parti­ci­pa­tion beha­vior 
showed that the parti­ci­pa­tion ra­te does in fact increa­se signi­fi­cantly after the introduction of the 
vi­su­a­li­za­tion tool. However, this result does not represent more than a suffi­cient condi­tion for the 
expected effecti­veness of the vi­su­a­li­za­tion tool, as the increa­sed parti­ci­pa­tion ra­te could also be asc
ri­bed, for example, to the novelty effect (see also Sun & Vassi­leva, 2006).

In the second (novelty effect) and third (discri­mi­nant va­li­da­tion) steps of ENDIT, it was first 
shown that new fea­tu­res within the platform usu­ally do not lead to a novelty effect. Hence it seems 
rather unli­kely that the introduction of the vi­su­a­li­za­tion tool could develop such a strong effect 
simply due to this bias. This is then supported by the results of the discri­mi­nant va­li­da­tion. The 
modi­fi­ca­tions after the introduction of the vi­su­a­li­za­tion tool were speci­fic and did not affect other va
riab­les. In parti­cu­lar, there were no effects on the general components of the e-mentoring program, 
that is, on the electi­ve beha­vior in STEM, the interest in STEM, and the belief in one’s own abi­li­ties 
in the STEM field, from the introduction of the vi­su­a­li­za­tion tool.

In the two last steps of ENDIT we attempted to address the evi­dent lack of control groups, 
as discussed above. For this purpose, impli­cit control groups were crea­ted. These were classi­fied 
according to whether the onli­ne commu­ni­ty members were Users, Sparse-Users or Non-Users (of 
the vi­su­a­li­za­tion tool). Distinct increa­ses in parti­ci­pa­tion (for all four parti­ci­pa­tion indi­ca­tors) were 
found for the Users. In the ca­se of the Sparse-Users, there were signi­fi­cant increa­ses in parti­ci­pa
tion in two out of four parti­ci­pa­tion fields. Among the Non-Users, no increa­se in parti­ci­pa­tion was 
found; in fact, there were signi­fi­cant decrea­ses in some of the parti­ci­pa­tion fields.

As convincing as these results might seem at first, they clearly do not reach the level of proof 
or the informa­ti­ve va­lue of an experi­ment in the classi­cal or scienti­fic sense of the term. In such an 
experi­ment, parti­ci­pants would be alloca­ted randomly to the three condi­tions (Sha­dish et al., 2002). 
Hartwick and Barki (1994) report that system usa­ge typi­cally decrea­ses signi­fi­cantly after three 
months, and, indeed, this was the ca­se for the Non-Users in our stu­dy. On the other hand, as shown 
in the first ENDIT step, parti­ci­pa­tion increa­sed among the users of the vi­su­a­li­za­tion tool, as we had 
anti­ci­pa­ted. Nevertheless, it is possib­le that this ab­sence, among some members of the CyberMentor 
commu­ni­ty, of the decrea­se predicted by Hartwick and Barki (1994), could be ascri­bed to special 
cha­racteristics of this commu­ni­ty. In order to exa­mi­ne this further, it was helpful to look at a ti­me-
dela­yed group. That is, in another mentoring pha­se three years la­ter, no vi­su­a­li­za­tion tool was intro
du­ced, and after three months the parti­ci­pa­tion of this ti­me-dela­yed control group decrea­sed further. 
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168 Here it is acknowledged that the ti­me-dela­yed group does not meet the requi­rements of the classic 
experi­ment (Sha­dish et al., 2002), and, strictly spea­king, it is not even a pa­rallel control group. The
re are two rea­sons for this. First, after three years, cohort effects could ha­ve developed: that is, typi
cal 15-year-old girls from the years 2006 and 2009 could differ in some important aspect. Second, 
the commu­ni­ties were indeed compa­rab­le in va­rious aspects, but not in all: for example, more girls 
parti­ci­pa­ted in the la­ter mentoring program that did not use the vi­su­a­li­za­tion tool.

In summa­ry, we would li­ke to sta­te that no single ENDIT component could prove the effecti­ve
ness of a modi­fi­ca­tion to an edu­ca­tional setting. This also applies in the ca­se of our example used 
to illustra­te the ENDIT method, which was the eva­lu­a­tion of the incorpora­tion of a vi­su­a­li­za­tion 
tool into the CyberMentor commu­ni­ty platform. The results for each eva­lu­a­tion step were in li­ne 
with the assumption that the introduction of a vi­su­a­li­za­tion tool can improve parti­ci­pa­tion. Howe
ver, one has to be awa­re of the fact that this is not a proof of effecti­veness in the sense of a formal, 
scienti­fic experi­mental proof of effecti­veness. Nevertheless, one must ta­ke into account the practi
cal condi­tions under which, by necessi­ty, most stu­dies in edu­ca­tional settings are conducted. Under 
these condi­tions the fulfillment of the ENDIT components is often what comes closest to controlled 
experi­mental standards.
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